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A POSSIBLE EXPLANATION OF UPPER EOCENE 
CUMATES- 

By EDWARD W, BERRY. 

(Rcitd Aprii Ji, 


No single problem ha^ awakened more interest among geologists 
and botanists than the climatic Bignificancc of the fossil floras discov¬ 
ered in Arctic lands. This InteresL although losing some of tlie zest 
ol novelty^ has remained unabated since the hrst announcements by 
Professor Heer nearly two generations agOp down to the present. A 
great variety of hypotheses have been advanced to explain their ap¬ 
parent anotnalous distribution. These range all the way from Neu- 
mayr's naive suggesHoa that organisms have completely changed their 
eii’vdronmental requirements during the ages to the thesis recently 
adt^nced by Knowlton^ that Cretaceous and Tertiary' climates, as well 
as those of earlier geologic periods, were controlled by earth heat, and 
were not subject to solm: control as they ate at the present time. 
Everyone will, I think, admit that the faunal and floral evidence 
throughout the major part of geologic time, m so far as it is known, 
indicates a greater uniformity of climatic conditions and less contrast 
between high and low latitudes itian exists at the present time. There 
are few, linwevert who will dsiy that there were contrasts at all times 
between high and low latitudes. Throughout most of knpwn geologic 
dme climatic zones appear less marked than now, and 1 believe that 
we can rely on the validity of appearances on this point. There^are, 
however, several times in the past when climatic zones were sharply 
marked, and all of these were at times of laud e.xtension anti sea 
1 KiiowStDn, F. B-, Soc. Atner.. BulL, Vot an. pp. 499-^. t9^ 
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restriction, as shoTsm by the recurrent periods of glaciation, beginning 
in pre-Cambrian time, of which that of the lower Permtan was more 
extensive than that of the familiar Pleistocene. 

airaatic zones may also have been marked during the times of 
land emergence, when marine deposits were largely withdrawn from 
the area of the present land surface of the globe, which events ha« 
in general furnished the basis for what are regarded as the systemic 
rcKk and time boundaries of geology. If this possibility could be 
proved it would help to explain die numerous examples of extinction 
and evolution that emphasize the geologic time table, and it would 
obviously leave few a^-anablc marks in the record of life or in the 
sediments now available for study. 

1 have always been intensely interested in this subject, as who has 
not? Circumstances have, however, kept me rather fully oeenpted 
with the Mesozoic and Cenozoic floras of lower latitudes. Recently, 
in working up some Eocene floras for the Geological Survey of 
Canada—a subject which I approached wliiJe fresh from w>ork on 
the middle and upper Eocene floras of southeastern North America— 
I was much impressed with the total dissimilarity between these Cana¬ 
dian floras, which are a part of the so-called Miocene* Arctic flora of 
Alaska, Greenland, Iceland, Spitzbergen, etc., and the contempora¬ 
neous flora of oiir Gulf states. This led tn a general survey of the 

subject, some of the results of which are presented in the following 
notes. ^ 

It may be mentioned parenthetically that both paleozodlogy and 
paleobotany have suffered the drawbacks incident to the fact that their 
chief cultivators have been resident in the North Temperate Zone, I 
do not recall a single palcobotanist who has had a first-hand ac- 
quaintance with the tropical floras of the present. The same state¬ 
ment is to a very great extent true of paleozoologists, and 1 gravelv 
qucst]on whether those who culrivate the field of invertebrate paie- 
cmtology concern themselves greatly with the results of recent re¬ 
searches m oceanography and their bearing on problems of distribu¬ 
tion in the pa.st. 

After seeing the sub-tropical existing flora of southern Florida 
the tropical flora of the Antilles and Central America, and the tropi- 

= Genetally recognized to be of upprr Eocene sge m recent year*. 
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cal, sub-lropscal, and temperate rain forest floras of South America, 
1 am ctjn%'mcetl that no known fossil flora of Cretaceous or Tertiary 
age in the United States can properly be called tropical m any but a 
most loose and tmcritical use of that term. Much less can it be 
applied to the Arctic Tertiary floras. It is true tfiat many o£ these 
fossil floras indicate warmer dimatie conditions than p^e^^^ at the 
present time in the same latitudes, and it is also true that many of 
their elements have a seemingly unusual latitudinal range. 

Most temperate rain forests of the present would liave been pro¬ 
nounced "tropical ** by pdeobotanists if they occurred as fossils, and 
I have repeatedly called attenbon to the reaemblance of our Atlantic 
Coastal Plain Upper Cretaceous floras to temperate rain forests, in 
which the same mingUng of types is observed. 

Most of the familiar plants that are enumerated in fossil floras 
as being of especial, tliat is„ tropical dimatic significance, belong to 
large genera whose species have a wide range and have become 
adapted to a variety^ of habitats. Take, for example, palms, w-hich, 
m my experience in the Yungas of BoKria, stick dosdy to the tropical 
and sub-tropical dtitiidinal ^ones; and we find some modem species, 
incidentally very similar to a great many fossil species, ranging north¬ 
ward as far as Korth Carolina, and southward as far as VaiparaisOp 
Chile. Another type frequently mentioned in fossil floras is the cin¬ 
namon or camphor tree—^tbe two most rotnantic names applied to two 
of the many existing spedes of the genus CrmiainowMiJir, The mod¬ 
em species range w-ell into the temperate xone; in fact, the commercial 
supply of camphor coiues largely from Formosa and T^pan, the tree 
being hardy as far north as about Latitude 35'’ m the latter country 
with its oceanic climate. Introduced into Florida, has 

been seeded pretty widely by birds, and is perfectly hard^^ as far north 
as Tallahassee in that state.. 

Tree ferns constilute a third item in the paIcohotan!st*s tropica] 
repertoire, although the most tuagnificent modern tree ferns are found 
in temperate rain forests, such a.*? those of New Zealand, on high 
peaks in the tropics (above the tropical altitndntiil zone), or in ^the 
montana valleys of the Eastern Andes (above the tropica! altitudinal 
zone). Tlie bread fruit U another spectacular fossil, an 3 ~although 
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the modern species in nature appear to be confined to tropicd and 
sub^tropical tmvironnients, fossil forms are found in assodation with 
temperate types* aSp for example, in the Upper Cretaceous of Green¬ 
land, the early Eocene of the Rocky Mounlain region and Gulf stateSp 
and the lower Miocene of Florida (it is obvious that the advocates of 
former torridity ran exactly reverse the bread-fruit argument), so 
that one must use coTisiderahle cantioti in any attempt to interpret its 
meaning in terms of climate* 

It may be remarked parenthetically that I do not consider xAphle- 
bise as indicative of heat, but humidity* That G^nkffQ is not a tropical 
tvpCp but appears to be hardy throughout the Temperate Zune^ and 
does not flourish under cultivation in the Tropics. That Cycads and 
Conifers arc not good criteria for either moist or subtropical di- 
mates, but quite the reverse* Thai Glekh^ftia and its present-day 
segregates, although commonly found in the Equatorial Zone at the 
present time, are not limited to the tropical part of that zone, but arc 
frequently more at home in the sub^tropical or temperate altitudinal 
zones tu Equatorial uplands, as in Hawaii, the Eastern xAndes, etc. 

Doubtless terrestrial plants arc better iJidices of climate than arc 
other organisms, and they are admittEdly more bnijortant in this 
respect than marine forms of life. Plant fossils liave this merit aside 
from any question of botanical idendficadon, and this feature seems 
to have been lost sight of by numerous critics of paleobotanical prac¬ 
tise : that the size and form of leaves, their texture, the arrangement 
and character of their stomata, and the seasonal changes in wood, 
afford criteria that are quite as valuable climatically even though the 
Species or genus to which they belong remains undetermined- With¬ 
out venturing further on the sea of words that constitutes the elusive 
generalities of most discussions of past climatesp I propose to contrast 
the Tertiaiy' “Arctic florawith that which existed contempora¬ 
neously in lower latitudesT after which I will suggest a possible 
explanation to account for the observed facts* 

The exact age of this “Arctic flora" can not be conclusively 
proven, but it is a reasonable assumption that it is of approximately 
the same age wherever found, and this assumption rests on actual 
communitj^ of composition^ and not on an environmental premise^ 
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although there is also something to be said for the latter, Heer 
studied these Arcticr floras after his raDraimental work on the Tertiary' 
floras of Switzerland, and he called them Miocene, a fashion tliat still 
persists in some quarters. It is lost sight of that Heer was prone to 
see his laitiiltar Swiss Tertiaty species in what were often very im¬ 
perfect fragments from the far Nortliand it is also true that Heer 
recognized no Oligocene period, but included the fossils of this age 
in the Miocene, which, to that extent, never meant more than ** old 
Miocene"—that is to say, Oligocene. 

The "Arctic Miocene" flora is certainly jcninger than that of our 
Fort Union of the western United Stales and Canada, whose fad^ 
contiimes into the Wasatch of the same region. It is overlain in 
places by marine Miocene strata, and interbedded with upper Eocene 
marine faunas, as at Herendeen Bay. Alaska. I have been inclinri 
to consider it as also I'ounger than the Green River flora of the west¬ 
ern United States, and to be of approximately the same age as the 
Jackson flora of the southern Atlantic Coastal Plain, It is certainly 
older than any known lower Miocene Bora, of the United States or 
Europe, and (he following comparisons do not suffer any diminutinn 
of conclusivcness. if the Arctic flora should eventually be proven tn 
be slightly older or slightly younger than the Jackson, for we nnw 
know as consIdeTable floras in the southeru Coastal Plain from the 
immediately antecedent ClaiboTue group, and from the immediately 
subsequent Oligocene (Catahoula and Vtckiburg), and all of these 
have substantially the same fades and climatic significance as has the 


flora of the Jackson group. ... t. 

The Tackstrti flora, a detailed account of which is lU press as Pro- 
fessionJ Paper 92 of the United States Geological Survey, contains 
considerably over one hundred species, Tltese represent gen^a sue 
as Phfia, CartWfl, nnW. P/nvnidtPJ. EngdharJtia. 

hUmsia. Ficus, Coccoiobis, Pijonio, }fytis{tca, ATsona. Tya, Casjia, 
Banhima, Sopfiora. Uachocarf'us, Fagara, Cedrela, Banisiena. Bur- 
seritss Cupudlci, GrmHcpsis. Bomhac^ics, Trmrtrtrmiffr. 

McspUodaphm Mcctandra. Rhis<>phora 
Connrnr/-«r, Conbretum, Myrrb, Cdocarpum, etc. There ,s not a 
distinctly temperate type among them and this flo.^comes as n^r 
meriting the term "tropical" as any fossil flora known from the 
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Temperate Zone- I regard it, in fact, as sub-tropical. Space does 
not permit a discussion of the ran^^e of llie existing representatives 
of this Jackson flora. This ts done in the publication cited above, 
and the generic names mentioned will sen^ those oi my botanical 
readers who wish to check my cgncliisions+ Now, let me compare 
this Jackson flora with the so-called Kenai flora o£ Alaska.* 

The Kenai flora, as ptihlishcd^ consists of about 120 species. The 
most abundant forms are willows^ oaks, poplars, walnuts, beeches, 
birches, hazels, and alders—distinctly Temperate, and cool rather 
than warm Temperate types. Perhaps the most abundant plants itidi- 
xoditally, certainly ihe widest ranging geographicaJty in northern lati¬ 
tudes (Holarctica), are the leaves of hazel bushes (CDryfiu). Of 
the 54 genera of Knowlton^s bst, the following nine are not present 
m the existing flora of North America: Ginkgo^ Clypf^strobiis^ Tax- 
iteSf Hedcra, PalinriiSj Elt^odcndron^ Pteraspermifes, Trapa, and 
Zisyphiis. 

It may seem that I am juggling the eridence in omitting these 
nine genera from further cousideration^ but let me point out that the 
three of these about which there seems to he no doubt regarding their 
identit)% namely. Ginkgo, Trapo. and Clyptoirlrobiis, arc all Temperate 
types in the e.xisting flora. The remaining six genera are under more 
□r less suspEcion of quite a different order from any differences of 
opinion among paleobotanists regarding the identification of thehaads, 
birches, alders, etc*, with which they are aasodated. Opinion might 
differ as to whether a partictilar species of the latter was a Betuta or 
an [/ImMf or a Carpinus, or a Plo^nera* or whether one or 
several species of Cf?ry(MJ should be recognized as distinct species; 
but opinion is unanimous that the cliotce is thus narrowedt whereas 
in the case of such things as all any one knows is that it 

represents some Conifer. Why waste time trying to e.xplam the cli¬ 
matic significance ol FsHunts, a mostly extinct genus, when the par¬ 
ticular fossil is probably not a PaliurHs; or why concern oneself with 
an Arctic species of Zisypfuf;^ when the form in question is probably 
a I ask, can any one prove that the fortn-genus 

*As lisied by Knoi^lton in Hollick's extendlcd labors oa Uiis flDra 

which iTUiy be exp(*cted to toentrin snine new spedes, wilt tindoobfedly 
modify, but will nest alter the force of the present ccunrariaon* 
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spertaiifs is genetically relalcd to the existing genus PterospSTHtutH t 
or tliat Elarodendron is a sound botanical identificatiQn ? I think not I 
On the otlier hand, the great mass of not only the tCenai hut of 
all the Arctic Tertiary floras are the readily recc^izable, normal units 
of a natural assemblage, which individually leave but slight room for 
differences of opinion regarding their identity. If fruits chance to 
be found in association with the leaves, they are such things as birch 
or alder cones, never the f mits of the ** suspects ” above mentioned. 
Of the retnaming genera listed in the Kenai flora, alt but the fol¬ 
lowing six are represented in the existing flora of Canada; .■ErridfU, 
Diospyrosj FiettSj Liquidambar, Sequoia, and TaTadium. It may be 
said of these that the Jf kImj: may not be an but a Hitoria; 

that the two species that have been referred to FiViw do not belong in 
that genus; and that Sequoia is on the verge of extinction at the 
present timp and its modem range beats little relation to its former 
range. The case of is of especial interest in itg bearing on 

txiy thesis. Formerly a HoiarcSio type, it survives today in a most 
restricted area particidarly favored by humidity. 

The remaining genera of the Kenai flora appear to be determined 
with reasonable certainty, Not only are 39 of these represented in 
the existing flora of Canada, but the folloiving are still represented in 
the existing flora of Alaska, or adjacent areas in northwestern Can¬ 
ada, or as far north as Labrador and Hudson Bay in eastern Canada: 
Abifs, Acer, AIhus, Alnilcs, Andromeda, Bstuia, Carex, Corylus, 
EquiscluM, Fraxinus, MyrUa, Osniutida, Phrrtgmiies (grass), Piica, 
Pinus, Fopiitus, Prunux, Ptens, Queretts, Sogittaria, Salix, Spirtta, 
Thuiies, and FacciniiOH. 

Seventeen of the Kenai species are Conifers, and the only types 
that would seemingly be out of place in a cooI-Temperate elimate with 
well-diatrihuted moisture are Liquiftombar, Paliunts, Taxodium, and 
Zixypliwx. T have already given reasons for discrediting the deter¬ 
minations of some of these, and all of them have freqnaitly been 
found fossil in Temperate assemblages- 

The most diversified .Arctic Tertiary flora known is that described 
by Heer from western Greenland. As considerably over-elaborated 
by Heer it comprises 2S2 species. Of this numher there are 8 worth- 
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Ies9 objects descnbed as there are 30 fems; 28 cotiifcrs; sr 

monocotyledons, of which most arc fragments of grass- or scdge-Iike 
leaves, geneiicalfy and specifically nndetemunable. Among the mono¬ 
cotyledons are tw'O nominal species of FfafteWtiriii--a form-genus pro¬ 
posed for undeterminable palm fossils. Neither of these is very con¬ 
vincing, and if they are correctly figured h>' Heer I would never think 
of calling them palms, and yet every* tescthook speaks of the Terliarv 
palms of Greenland, although th^ alurays have been purely stibjective> 

The bulk of the Greenland Eocene flora consists of dicotyledonous 
leaves- Among these we find Ficus, but this does not mean that figs 
w-ere members of this flora. The determination of FiVar on Hee:r's 
part was only tentative, and he published it with a question mark 
behind it, tnoreov'er, it does not suggest any of the numerous species 
of Fififj, eitlier fossil or recent, with which I am familiar. Among 
dte Greenland Tertiaiy dicotyledons the following genera predomt- 
nate: Solve, Ahiits, Beiufa, Corylus. Fagus, Quncus, lug- 

hns, Acer, Laurus, Androtneda, Fraxinus, Vihumuut, Cttnuu, Mag¬ 
nolia, Ilex, Celastrus, ifftonmif j, Rhus, and Cratipgus. 

These are all genera that range for greater or less distances into, 
and some, such as PopuUis, Salix, Alnus, and Betufa, range entirely 
across the cooI-Temperate Zone. Any one is, of course, at liberty to 
call this Greenland Tertiary flora " tropical ’'—after the most detailed 
comparison and discussion its original describer did not so consider it, 
nor do I. 

In nearly every case where a Grectilatid Eocene genus is indicative 
of conditions warmer than coohTempetate. as, for example, the geu- 

Picrospemfites, Sapindus, Zisyphus, Cahtlcs, Baurits, and Dal- 
bergia, the botanical detcntiinations tan. and are, seriously* questioned, 
and all that they can he asserted to mean is that the respective forms 
are similar to forms from other regions which some one, generally 
fleer himself, called Colutea, Dalbcrgh. etc. 

The most northerly known Eocene flora is that described hy Heer 
in the fifth volume of his " Flora Fossilis Araica " from near Cape 
Murchison in Grinnell Land. As elaborated by Heer this flora com¬ 
prised 30 Species, but it may well be pointed out that a number of 
these have no existence outside the literamre of paleobotany. Thus 
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there is a single Eqmselmn instead of two species; the fotir spedes 
of FeUdci^ia represent but a single botanical species, of still unknown 
botanical affinity; t^e five pines represent a less number of species, 
and were named by Heer before the old genus Finus wa.s segregated ; 
the two Phragmi^fs represent leaf fragments of grasses or sedges, 
and nothing more definite, and the Caulimtt's is a sedge or grass root- 
stoch* while other leaf fragments are named Car^x. /riJiMHi and 
Salix represent absolutely nothing determinable, as Heer practically 
admits in his discussion of them; the t^vo species of Coryltis described 
represent but a single species, to which what Heer called shonld 

also probably he referred ^ the Uhmts is also a Coryhis, in my opinion; 
the Viburnum is a Populus; and the Tilh is a Corylus. These sug¬ 
gested clianges may be merely a matter of opinion, th^" certainly are 
my opinions, but the suggested revision Is no essential part of my 
argument. 

Revised as suggested in the preceding paragraph, tlie result is: 
Equisetum, Fcildettia. Thuites. Tax odium, Pinus, Abies, sedge or 
grass fragments, Paptiius, Setuta, a ^’aricty of Coryhts leaves, and 
apparently a fragment of a Nymphaa rootstock. Considered in this 
altcnuaced form this flora is still remarkable enough. The flora in 
the immediate virinity of Cape Murchison under the climatic condi¬ 
tions of the present includes Cctfex, various grasses, and the genera 
Safii' and roffiin'Mi/r.. The present isotherms would have to swing 
t5 to 20 (l^reeS northward to permit the existence of such an Eocene 
flora as that listed above in Grinnell Land. The dwarf birch of the 
present reaches the latitude of Grlimcll Land in Spitzbergen; and 
white birches occur north of the Arctic Circle iu Europe, Asia, and 
North America, or within about ten degrees of the t.nnnell T,and 

fossil flora- 

The significant feature about these Eocene Arctic floras is that 
they show a comparable northward swing of not alone their northern 
limits, but also of their southern limits, which in turn is comparable 
to the northward advance of the Jackson flora that 1 have considered 
to be of the same age. The Jackson flora reaches Utitude 37" 
North. The most similar existing flora to tlmt of tlie Jackson does 
not extend above Latitude 26" North, and then only imder especially 
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favorable conditions of situation with respect to warm ocean currents. 
This is a difference of ri degrees. The flora of the Jackson was, 
moreover, a coastal flora, and I have not the slightest doubt but that 
had the Mississippi ernbaj-ment extended five d^ees farther North 
its Shores would haw been clothed with the same Jackson flora, for 
at that time similar floras are found in the Paris Basin in Latitude 49" 
North, in southern England in Latitude 51" North, and dong the 
expanded Meditermnean sea of tte Old World. 


Fhe southern limit of the contemporaneous "Arctic flora" ig 
about Latitude 45" North in North America (British Columbia), and 
about 57* North in Europe (Isle of Muf]), It seems to me that the 
tssentiai concordance of these facts is significant, and whatever may 
be ibouglU of them, it would certainly seem to be difficult for any one 
to datm that thse i.’srious Eocene floras mentioned do not show a 
climatic change In passing northward from the equator toward the 
pole. Moreover, at present—a time of, in many ways, an abnormal 
imate in a geologic sensej with rather sharp zoning, although not 
nearly so sharp as the textbooks would have us believe; a time of 
^ 03 t. if not quite, unprecedented land expansion in the Nnrthem 
Hemisphere—winch I believe expresses a causal relationship; the 
reliable members of these Eocene Arctic floras range much farther 
southward than they did in late Eocene time. 

changes in the geographic distribution of land and water 
might prove sufficient to account for these Eocene Arctic floras is 
suggested by the climatic influence of the nortliward drift of warm 
water in the North Atlantic at the present time; which influence in 
western Europe and Spirtbergen is a trite fact, familiar to all If 
the reader wUl consult an Isothermal map. and will compare the North 
Atiantic region with that of Behring Strait, or with the center of 
Si^ (the latter the present location of the cold pole), the combined 
in uence 0 ^ e northward dnft of warm oceanic water from lower 
ktitiKles, and the influence of the rebtive amounts and geographic 
posihon of lands and seas, is seen to be most astonishing. 

hot ^ample. the January* isotherm of -25* c. which is at 
Behnng St^t. 18 degrees farther North in Baffin Bay. and reaches 
to pole it^f North of Spitzbergen. The July isotherm of 5“ C 
(4 K), which is at Behftng Strait, swings To degrees farther North 


OF OFFER EOCENE CLIMATES, 


11 




in B^f&n Bay, and 15 degrees farther North in western Spitibergen, 
and there 13 a correspOQdiiig northward swing over the ocean between 
Spitzbergen and Nova Zetnbla, 

\Vhen the times of widest extension of equable and mild climates 
in the past are considered—the most cqnspiciiotis of whicli, in post- 


Fia. 1. Sketch map of the mlUh Etfcent showing location of die Arctic 
floras'* o( tlie upper Eocene. 


Paleozoic times, are those of the Jurassic, CtetaceouSi 
Eocene—they all appear to bear a definite relationship to 
sea extension and rednctiodi oE land areas. To give objectivity to 
this statement 1 have prepaied a map, on n North Polar projection, 
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BERRV—A POSSIBLE EXPLANATION 


showing the supposed distribution of tsmd and water in mid-Eoceoc 
timCr^ 

It will be noted first that the Land areas are greatly tedueed, 
anwunting to perhaps as touch as 40 per cent, of the present land 
area of the Northern Hemisphere; and their place is taken hy mostly 
shallow seas in low latitudes. The Afediterranean regions of the 
world are almost condnuously under water, and these have free polar 
Dounections from the Atlantic, Pacific, and Indian oceans, as wcU as 
from the greatly expanded Tflkys* If the reader wtU now consult 
Sir John Marray's cjiiantitative estimates of the present influence of 
the Gulf stream on western Europe, it will be obvious that a distribu¬ 
tion of land and water such as I have indicated for inid*Eoceiie time 
would be most important in climatic results. These effects would be 
cumulative, and, in my opinion, a sufficient cause to account for the 
observed distribution of the fossil floras of the upper Eocene. That 
it is a matter of distribution of land and water plus oceanic circulation 
is indicated by tlie more northern Eocene distribution of plant tj'pes 
of bw latitudes in Europe than in North .ALmerica, as at the present 
time. 

1 would imagine a certain lag in observable elfects, due to tliis 
cumulative action, and the progressive reduction of polar ice, and the 
ultimate nullification of appreciable cold ocean currents. I have indi¬ 
cated on the map, in a most general way, the probable directions of 
the oceanic circulation, as well as the localities where Eocene plants 
have been found in high latitudes. No one knows exactly what paths 
a given geographic pattern would impose on definite ocean nirrents. 
there being so many factors involved; but certainly no one can object 
to the stateiuent that the general, or what might be term^ the plane¬ 
tary circulation would dominate, except as modified by subordinate 
and unvaliiated factors; or that the northward drift of warm surface 
Waters would be opemth^e. 

It will be noted that all of the northern E^ene pliunl locali¬ 
ties are in coastal situations, favorably sstnated to receive the full 

♦This map maiciis no picimse to accuracy, which ii hr^ly a matter of 
opimon. tipr h there ^n^ihlng ori^nal about it It is ei^entially the trap 
coinplkd from De Upparenfs ’'Traite by W D. Matthew, and ti.Acd by a 
F. OaboTTi in his Age of MammaK*^ 
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benefit of this drift of wann oceanic waters, whereas the inost south¬ 
ern localities, which here mark the upper Eocene southern limit of 
alders, birches, hazels, etc., are found at about Latitude 45® North in 
North America, and fairly well away from coasts in a region where 
it is reasonable to assume a continental climate may have prevailed, 
especially if there were mountains intervening, as the textbooks would 
have us believe. 

None of these most southern Eocene floras of the cool-Temperate 
type come within many degrees of reaching the existing southern 
limits of their well-determined genera- For example, the hazel 
{Carylus) has its present southern limit at Latitude 31® North, 
whereas in Eocene time this limit was at about Latitude 45* North. 
At the time these Temperate types were extending their range north¬ 
ward, almost to the pole itself, warm temperate or sub-tropical typ« 
had in^-aded our Gulf States as well as southern and central Europe. 

The conclusion seems probable that the whole world had, at that 
time, a more or less mild and et^uable climate, prevailingly of the 
oceanic type, and that the primary cause of this oceanic climate was the 
diminished and low-lying land areas, and the increased sea areas j so 
arranged as to permit a maximum of circulation between equatorial 
and polar regions. The floras show that in spite of this relatively 
mild and equable climate, then as now. the polar regions were con¬ 
siderably cooler than the equatorial regions. .At the present time, 
because of the great expanse of the Pacifle ocean in the equatorial 
region, its average surface temperature is 19.1* C,. as compared with 
16.9* C. for the Atlantic and 17* C. for the Indian ocean. 

The consensus of opinion that the land masses of the Northern 
Hemisphere were the main theater of evolution of late Mesozoic and 
Tertiary terrestrial life, both animal and vegetable, may seem to be 
opposed to such a free oceanic drculation between the equatorial and 
polar regions as I Imve indicated, but this is only an apparent and not 
a real diRiculty*. The land emergence whose culmination furnishes 
geologists with the basis for a boundary between Mesozoic and Cenn- 
ioic afforded abundant land jiatlis for the dispersal uf terrestrial 
animals and plants, as witness the essential community of the fau^ 
and floras of early Eocene time throughout the whole of Holarctica. 
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TIi« tunc of land connections was fd(owed bjr sea transgressigrr and 
shrike, espedaJIy pronounced geogmphicaUy m the middle 
^ene (Qaihome-Jackson of the Atlantic Coastal Plain; Lutetian- 
Auv-ersian of tlie French chronology). 

During this last period, according to Osborn, the niaiumalia 
undergo mdependcnt e.-olution without intercontinental dispersal, and 
are slrarply marked into Palaearctic and Nearctic realms, that are en¬ 
tirely errtmet In Oligocene time land bridges were renewed with 
community^ of terrestrial faunas, and not since that time of renewal 
of mterconbnenla] interchange of species have there been as free 
water connections betw'ctn the equatorial and Arctic regions as there 
were m intddUe Eocene times. The geographic pattern has auclmted. 
to be sure, but as a whole the geograpl^r has more nearly approjd- 
ma ed that of the present, and this, I believe, was the most'important 
factor in bnngmg about the climatic facies of the late Tertiary faunas 
^d floras Nowhere in the North Temperate Zone, as far as' I recall 
do we find terrestrial faunas or floras, or n«rine littoral faunas, in- 
jeahve of as warm conditions in the middle and upper Mocene, or 

Pliocene, as do those of the later Eocene, and perhaps also those of 
the early Oligocerre. 

It is not bnpossible that some less invoked factor, such as this 
distnbntion and attitude of the land and sea, mav even account for 
periods, as Sir Charles Lydl suggested long ago, rather than 
that these have been the result of causes that are purely speculative, 
such as am spots, carbon dioxide, dust, reversal of oceanic circulation, 

tnainr ^ "T factOTs, evto 

jor ones, but at the present time thej' belong, in mv judgment, in 

I fully realize that the facts presented in the foregoing notes bv 
d stn bttPnn of orsamsm, i„ ih, 

Harv fl I !i- umformitarian interpretation of early Ter- 

Johns Hopsihs Ujnvmsrry, 

April, 


THE E.\RrH INDUCTOR COMPASS.' 


By PAUL IL HEYL am LYMAN J. BRIGGS. 

{Rfod April ^2^ iSf-PJ.) 

The instrument and accessories described in this memoir have 
been dev^doped with espcdal relerence to use in vessels for the navi¬ 
gation of the air* Navigating cmiditions m aircraft are such that 
little or no reliance can be placed on the indications pf the ordinan’' 
magnetic compass. For this there are two principal reasons^ 

Lack of space in airplanes forces the pilot and his Lastninicnt 
board to be located in a region of considerable ntagnettc disturbance, 
due to the proximity of the engine and other magnetic bodies. Occa¬ 
sionally these are varTablc* sneb as the steering rod^ which in some 
planes is of steel. Compensation, after the ttmtner fatniliar to navi¬ 
gators of the ’fcvater^ Is not alw-ays a satis factor)" solution pf the diffi¬ 
culty* Apart from the v'ariabie disturbing dements above referred 
to, the magnetism of the engine may change considerably during a 
long fligbl:. On the U. S. Army airway f roTu Dayton, Ohio, to Wash¬ 
ington, D* Ch* it has happened that the compass has developed an 
error of as much as forty degrees before the trip was completed. In 
the endeavor to diminatc such troubles die compass is sometimes 
placed in the rear portion of the plane, and readings Liken by devices 
more or less complicated, as in the German Bamberg epmpas^^ Such 
a plan^ however, doea not eliminate the second and more serious cause 
of disturbances. 

Tlie accelerations of an airplane are greatly in excess of those to 
be found in a w^atcr vessel; and the directive force of the earth^s field 
on the magnetic needle is weak. Due to the great acceleration, the 
weak directive force, and the necessary inertia of the needle and card, 
the magnetic compass possesses rather a long memory for distorts 

1 A memoir to which the MageUsnst Fremmin was awarded Jaauan' &, 
iOaa, by the American Philosophical Sodely. 

If? 
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Euiceg to which it has been subjected. It is not difficult to the 
plane such a motiou as to set the compass card spintung^ on its pivot 
so that before its mot ion subsides sufficiently to allow of even an 
approximate reading the plane has traveled two or three miles. The 
great speed of the plane (ordinarily from seventy to one hundred 
miles an hour) and the coidparatively sharp and sudden turns some- 
times executed produce a set of condidons of an order entirely dif¬ 
ferent from those to which a navigator of the water is accustomed. 
The attempt to meet these disturbances by damping the compass card 
is not a satisfactory solution; for Ham pStig, while it dimimshes dis¬ 
turbance, also decreises sensitivity, none too great at best* 

The difficulty of the situation is perliaps best shown by the fact 
that the Great War, which produced, under stress of necessity, so 
many mventions, closed without hainng brought out any satisfactory 
form nf airplane compass on either side of the conflict. 

For satisfactory service under conditions of this nature the earth 
inductor in connection whh a galvanometer possesses a fundamental 
advantage over the magnelic needle. Unlike the latter, it has no 
memoiy- From instant to instant it furnishes aa dectromotive force 
determined by its orientation wilh respect tq the earth^s field, irre¬ 
spective of its past or present state of translatory motion. This 
advantage has not been unrecognized by previous workers (Dunoyer i 
British Patent 4^09 of 1907: Chahot: British Patent 9913 of 1903; 
Bbss; U, S, Patent 1,047,157 of Dec. ij, 1912), It may be noted 
that no one of these proposed devices possessed sniHcient pracli- 
cahility to bring it into use during the Ts-ar. 

In all previous attempts at the construction of a compass of this 
tj-pe, the current developed in the rotating coil, amplified if necessary, 
’was caused to pass through a galvanometer, and the course of the 
V'essel indicated by the amount of deflection produced. The instru¬ 
ment described in the present mcmciir differs from all previous at¬ 
tempts id the following respects: 

I* It employs a null metliod for its indications, and therefore 
enjoys all the ad^^ntages of sensitivity diaracteristic of null methods 
as a class. As long as the vessel Lies in the course predetermined by 
the pilots uu deflection is produced in the galvanometer. 
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2. A dour5£>setting device of a novel type is employed. By tim¬ 
ing a movable dial carrying compass graduatians to the desifed course* 
mark, the clisiTical connection of the galvanometer to the earth in¬ 
ductor is so arranged that the galT^'anometer wiU read zero only when 
the vessel is in the desired hne. This device enables the pilot to 
control a compass sitnated at a safe distance from magnetic disturb¬ 
ances without the use of a moving mechanical connection. 

3- This course-setting device possesses a feature which enables 
the pilot to distinguish between north and sonth, or, in general, 
between the two opposite directions which the vessel may take in 
any line. 

4. A method ia provided for eliminating the errors due to roIJiiig 
and pitching, arising from the vertical component of the earth's field. 

5. By the jndidoua use of iron in the core of the coil, the size of 
the earth inductor may be greatly reduced and the current outpnt 
increased without the introduction of any sensible error. 

In tlie course of its development this instrument has naturally 
passed through several forms. Only the final form will here be 
described. 

Current is generated hy the rotation in the earthhorizontai field 
of an anmture rotating about a vertical axis. A commutator and 
four collecting brushes^ spaced at 90“, take off current from the 
armature. For simplicity we may first suppose the vessd to lie in 
the magnetic meridian. The brush system as a whole may then be 
turned to such a position that one pair of hnishes furnishes no 
electromotive force and tlie other pair a rnaximuni. The brush sys¬ 
tem may now be fixed in this position with respect to the vessel If 
now the vessel be turned through an angle & from the meridianp the 
two pairs of brushes will furnish electromotive forces proportional 
respectively in sin & and cos 9. Tn this it is assumed that & is meas* 
tired positively in a clockwise direction from the meridian, and that 
the commutator connections are so made that the algebraic sign of 
the voltage at each pair of brushes vdll be tltat proper for the sine 
or cosine of the angle in wimtever quadrant that angle may be located. 
For Ibis reason the two pairs pf brushes wnll be henceforth referred 
to as the sine and cosine brushes ^ respectively. 

IJflOC. MIIL, SOC , VOU 1X1., ^ Alld. 1ft, tjia. 
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If the smc brushes only are cotmected to the galvanometer, its 
reading will be zero only when the vesseJ lies in the magnetic merid¬ 
ian ; and if the cosine brushes only are connected, the reading will be 
zero only in a magnetic cast and west line. 






We may connect the two pairs of brushes in series so that the 
voltage applied to the galvanometer is sin B + cos 5 - This ftmction 
wtll be zero only when 5=1135* or — 45^; tliat is^ when the vessd 
lies in a northwest and southeast line. And if we use the ooinbination 
sin —cos this will be zero when 5=45^ or 225*1 diat b, in a 
northeast and southwest line. 
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In general, aince 

wt sin fi cos -^=0 

if tan ^^=— fn/m), the galvanometer reading may be made zero in 


Fig. 7 ' 


.+c 



Fis.S 

any desired direction by combinings additively or subtractiveLj% suit¬ 
able fractions or multiples of the voltages from the two pairs of 
brushes. This Is the tmderljHng principle of the course-setting device 
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known as the dial switchboardp which is an important part of this 
invention. 

Such a switchhoard mn-j assume various forms. The form 
adopted in practice is verj' simple in actual construction^ dthough not 
so simple in mathematical theory as certain more complicated practical 
forms that preceded it in the course of its development. Its theory 
is illustrated in Figs. i-8. 

In Fig;, i we have a closed circuit of resistancCp the sine and cosine 
voltages being connected to the circle at four equally spaced points 
^ Ch The galvanometer connections are made at any two 
diametrically opposite points jP, Q* of the cirde. Indicating^ as in 
Fig, 2, positive potential hy a line drawn radially outward from the 
resistance Girder and negative potential hy a line drawn inward, and 
supposing the vessel to lie in an east and west line, so tliat the sine 
voltage is a maximum and the cosine voltage siero, we have a distri¬ 
bution a£ potential around the cirde bidJcated hy the dotted line. The 
only diametrically opposite points whidt will be at equal potentials 
are those at the ends of the horizontal diameter. This, then^ will be 
the null position for an east and west course. 

If^ on the other hand, the sine voltage is zero and the cosine 
voltage a maximum^ as Is the case in a north-south course^ the null 
position will be that of the vertical diamclcr. 

If the vessel hes in a northwest and southeast line, — 45* 
(or I33 °)t ^ is negative and cos & positive, both, however, being 

equal in absolute numerical v-alue. Maintaining the connections 
shown in Fig. but changing the sign of the distribution of 
potential will be as shown in Fig, 3, Points + .S' and -|-17 are at 
equal potentials - between them we have a levd of potential, ajid no 
current flows in this quadrant. The same is true of the quadrant 
between — S and — C. But betw^een -j-S and — C (and -\-C and 
— ^ 5 ) a fall of potential exists. Symmetry indicates ihaE the only 
equipotential points for the galvanometer leads lie on a line making 
— 45“ wdth the vertical dJameter* that is* pointing northwest with 
reference to the cardinal pomls previously determined (Fig. 2), 

Ijet the vessel now veer a little farther to the west; the sine voltage 
will increase (negatively) and the cosine v-oUage decrease (posi- 
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tively). Fig. 4 represents the distribution of potential in this case. 
The potentials at + S' and + C are no longer equal, that at + ^ being 
greater than that at C* consequence, the line of contact will be 
shifted, as it should be, a little nearer to the horizontal than tn 3 - 
It is a curious fact that in general the angle oi the null contact line 
with the It 5 line is not always equal to the course-angle 0 of the 
vessel with the magnetic meridian. There is, as we have just seen, 
perfect correspondence at the cardinal and 45® points; hut for points 
within each octant, as in Fig. 4, there is a dquirture rising to a 
rnaximum of about 4® near* but nbt at^ the center of each octant, as 
the general niathematical theory wdll show* 

Assume the S and C voltages applied as in Ftg. 5 (same as Fig. r) 
and let the contact line of the galvanometer be inclined at an angle ^ 
to the zt 3 “ lint, meastirtd positively in the clockwise direction. We 
shall first suppose ^ limited to the first quadrant* 

Potential at P = ^ sm ^ 

Potential at 0 ^ ^ ^ sin ^ ^ ^ cch 0. 

If these are equal, we must have 


tan & 



(i) 


Since equation (i) is algebraic in ^ and transemdentaJ in it is 
evident that no linear rdation can exist between and B. Solving 
for we have 


T tan fl 0 

3 1 + tan B 2 ain 0 + cos fl 


fa) 


Now 


T sin 0 


2 sin 0 + cos 0 


— 0. 


f 3 ) 


which wull be a maximum or minimum where 

— &} TT I 

do 2 (da & + cos 0)® 


— 1 = 0 . 


(4) 
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The approximate first quadrant roots of (4) are 17" 24' aud 
TS"" 316" instead of the mid-points of the octants 22“ 30^ and 67* 30'. 
At these roots the value of ^—0 is nearly 4“* as shown in the fol¬ 
lowing table. 



#- 


17" 24' 

31 ‘ ^ 

4- V 

zr® 30* 

US ' x ' 

3 * 52' 

45 " 


0 

67'' 30' 

63 ’ 3 »' 

- 3 ‘ 


OS’ 33' 

—r 

90 ‘ 

go’ 

D 


If ^ lies in the second quadrant (Fig, 6)* we have 


Potential at P = — f 

\ 90 

^ sin - 

i, 90* ]“»' 

Potential at ^ ^ ^ 

sin 9 + ^ 

l8o’ — 

If these arc eqita], we have 



tan fl = — 

180 “ — ^ 
^ — 90 " 



T a — tan 3 _ w 2 oos B — sin 0 
2 j — tan 19 ” 2 CC 3 S 0 — sin d 


Tlie maximum and miuiirpum values qf ^ in this quadrant are 
approxiinately at 107^ 24' and 162° 36'. The values of ^— 0 at 
these points are 4“ 4' as in the first quadrant. 

We may now obtam by computation from (2) and (5) the values 
of ^ previously indicated by ssTumetrical considerations. 

If, as m Fig. 2* cos tf=o and in the first or second quad- 
rantn both formulas give 4 = 

Ifp as in Fig, 3, sin 0 = —^(^2/2)^ cos 0 — Va/2 and ^ is tn the 
second quadrant, fonnnia (5) gives 


^ = 


2 2 


135" 


To avoid in practical constniction the non-uniform distribution of 
resistance around a circle which would be necessary to give a utii^ 
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fomily gntdiiatcd dial^ it is suiHcknt to r^^place the circle by a sqtiare^ 
as indicated in Fig^ 7^ Contact of the galvanometer leads is made at 
points P and Q, whose distances from the center of the square vary 
with the angle of setting. It tnaji^ readily be seen that the resistance 
included between S and P will vary more rapidly per unit angle 
of turn near the comer o£ the square than at the middle of a side. 

In Fig. 8, a is a constant and x a variable side of the triangle 
having a constant angle 45“ and a variable angle In this triangle 
the points P and + S correspond to the similarly ktlered points in 
Fig* 7* In Fig. 8 we have: 


X __ g _ _ _ 

sin ^ sin (135^ — sin (45“ + 

_ a sin ^ ^ 

* “ sin (45* + 4,] 


(6) 


Now, in Fig. 7 kt J 2 be the length of one side of the square; then, 
if ^ be in the first quadrant i 


Potential at P = 

Potential at 0 = 
If tfiese arc equal, 




JJ tang ^ J. sing 
l+tanfl sia#+oosff 


y 


ir) 


Substituting in (7) the value of jt from (6) and noting that 
fl=(J? y2)/2, since j? is tbc side of the square of whidi a is the 
scminiiagorLal^ wt hav^e; 


Vs sin ji ^ sin 0 ^ . 

2 sin f45* + sin & + cos fl" 

(8) expresses, for a square frame, the relation between the course- 
angle & of the vessel and the ntdJ contact angle ^ of tltc dial switidi- 
board. (8) reduces as follows: 

V 2 sin 0_^ sin ^ 

^ sin (45® + 4 } ~ 2 sin 45® cos ^ + CCS 45'’ sin ^ 

sin sin i9* 

"" cos ^ + ain ^ &n 0 d- cos B 
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Wtiich shows that for a square frame i^=#, at least for the first 
quaflrant. It may readily Im: shown that the same relatton bolds in 
the second quadrant as well, as indeed is indicatesd by conditionsi of 
symmetry* 

Upon this theory^ may be based a very sitnple practical constnjctiodQ 
for the switchboard, lUusttated in Fig"* 9 (photograph). 

Fig. 9a shows the switchboard base witti dial removeci, showing 
the square resisfemce frame. This frame has an inside dtameter of 





0 w 0 

»l- mm 


6.5 cm. and each tnm of wire is nearly 2 cm. long. It is wound with 
No. 30 constantan wire, and each arm has a resistance of about 37 
ohms. The inner edge of the square frame stands slightly above the 
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DUter edge, and along this inner edge the insiiliitioii is removed from 
die tnni3 of wire. 

Fig. 9^ shows the assemblL-d switchboard, front view. The dial 
ca-irying the compass divisions o^rrics on its under side the ’wnping 
tontacls which constitute the tctminals of the galvanometer connec¬ 
tions. These contacts press against the exposed portions o£ the wire 
cm the square frame. 

Fig. 9f shows die bade view of the switchboard. From die four 
comers of tlie square resistance frame wires run through holes i, 

3, 4 to the back of the switchboard, and thence as indicated to the 
S aud C binding posts, which in turn are oonnecited respectively with 
the sine and cosine brushes. From the wiping contacts on the under 
side of die dial wnres run through the hub 5- which moves with the 
dial to the wiping contacts 6 ^ j, from which wdres run to the posts G, 
which are connected with the gal^^anometer, 

A simple manipulation of the dial sw'ilchboard enables the pilot 
to distinguish between north and south, or jn general between the 
forw^ard and backward directions io vrhich he may he flying in any 
line when die gaU^nouieter reads zero. If the dial be turned slightly, 
say to the right, the pointer of the galvanometer will move from zero; 
and the galvanometer connections can be made so that this motion 
ivill also be to the right when the vessel U moving forward un the 
course indicated by the Initial position of the dial sivitcltboard* If 
the plane be flying backward on this course, die flux through the 
armature is reversed in direction; and, with the same connections«the 
motion of the pointer will now be pppoaite to the motion oF the dial. 

Contrary to what might be supposed, there is no difficulty in ob¬ 
taining a galvanometer at once sufficiendy sensitive and nigged to be 
used under the conditions prevailing in an airplane. The gah'anom- 
eter used is of a standard commercial type, double-pivot spring con* 
struction, giving one niillS meter deflection for one hundredth of a 
milliampere. Its resistance is about 22 olims. Being always iu cir¬ 
cuit with a resistance less than its critical damping restslance, the 
motion of its pointer is always dead-heat. The vibration and jarring 
to which the instrument is subjected in flight are.not great, being 
actually less than are to be found at the instrument board of an auto- 


26 HEYL & BKIGGS-THE EARTH INDUCTOR COMPASS. 


mobile, where instmtnaits of this and similar tj-pes are frequently 
installed. 

The earth indartor itself is shown in Fig. lo (photograph). It 
is installed in the fuselage, behind the second seat. The supporting 
board i runs athwart the ship and is clamped to the upper wooden 



Fig. IQ 


members (longerons). Through the upper fabric of the fuselage 
(the turtle back) projects the driving axle s heuring the fonr-cup 
propeller j. This axle runs in ball bearings ^ of the $£:lf'aligning 
type. The axle ^ is joined to the axle d by a short piece of flexible 
shaft 10* 

A decided novelty ig introduced in this invention in the use of an 
iron core in the armature. For an iron-cored armature revolving in 
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the earth's field the conditions dififcr in one important respect from 
those obtaining: in the dynamo: in the earth’s field we must re^on 
with free poles in the armature, and a conseiuent self-demagnetizing 
effect- This effect is a minimum if the iron is in the form of a rod 
|nn g as compared to its diameter. This leads to a cross-shaped arma¬ 
ture 5, as shown in the photograph, The arms are of cent, 

silicon steel, which has. in a field equal to the earth's horizootal com¬ 
ponent, a permeability of about four times that of ordinary soft non. 
The residual magnetism is also considerably less. The four arms of 
the cross are carried by a central huh of the same material. The 
arms are J cm. in diameter, and measure 20 cm. from end to end of 
a pair of opposite arms. For a rod of these proportions the demag¬ 
netizing coefficient Ts small enough to allow a permeahility of about 
ten times that of a cube of the same material. 

Upon each of the four arms there are 500 turns of No, so B. & S. 
copper wire, silk enamel insulation. The winding is of ffie dosed 
coil type, with a four-segment commutator. The total resistance of 
the wire on all four arms is ohms, and the resistance through a 
pair of opposite commutator segments 0,8 ohm. At 20 revolutions 
per second, the electromotive force is 8 millivolts. 

The armature and commutator are carried by the axle 6 , which 
runs in a thrust ball bearing mounted in the gimbal rings y. There 
are four collecting brushes of carbon, spaced 9®“ apart, on a mount¬ 
ing which swings with the a-de and commutator. By turning the 
whole gimbal system by means of the slots and screws 8 the brush 
system can be set at any desired angle with respect to the vessel in 
which it is installed. The resistance of the armature through a pair 
of brushes is from i to 1.5 ohms. 

Below the armature 5 is a brass weight p, weighing about a kilo¬ 
gram. The length of the pendulum thus formed is short enough to 
give a time of (half) swmg of about one third of a second. 
bearings for the gimbal rings ; arc provided with leather fnclioo 
washers, by tightening which any desired degree of damping may be 
applied, It is usual to damp the pendulum so tliat it will txecute 
from six to eight half-swings before coming to rest after a displace¬ 
ment of about 20’, occupying from two to three seconds in the 
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process, Tliis allows sufHcient looseness to permit response to a 
small angle of tilt, and also sufHcitnt damping to insure that the oscil¬ 
lations do not continue beyond the tune required for the plane to 
regain its level. 

On rounding a curve centrifugal force will, of course, deflect the 
pendulum somewhat from the vertical; hut such centrifugal force is 
removed as gradually as it is applied, and by the time the plane comes 
again into a straight course the axis is stationary in a vertical 
position. 

The natural time of swing of the armature pendtiltim as arranged 
is, as has been said, about one third of a second. The time of roll 
or pitch of even the smallest planes is several seconds, and for the 
larger planes still longer. The disturbances arising from the driving 
mechanism have a period of about one twentieth of a second. The 
pendulum is sufEdently mas.sive to resist forced vibrations of the 
latter period; and the oscillations of the plane Itself are too remote 
in period to produce any sensible effecL A certain amount of gyrch 
static actiou at the usual speed of revolution (1.1200 r, p. m.) con¬ 
tributes materially to the stabilizing action. Excess of gyrostatic 
action is undesirable, as jts elTett is to lengthen the period of swing 
and bring it too near that of the oscillations of the plane. 

Actual experiment is necessary to appreciate the very satisfactoty 
degree of stability possible of attaimnent by an apparatus of thU 
mture. 

It might be supposed that there would be a small quadiantal error 
in an electrical system such as described, due to the fact that the 
armature is sending nut a current which is not constant for different 
azimuths of the vessel, and consequently the reaction of iIk armature 
m the earth’s field would be variable. When one set of brushes alone 
is functioning the electromotive force E h applied to opposite comers 
of the square frame (Fig. y>. If f? be the resistance of one arm of 
the frame, the equivalent resistance of the whole frame is also R, 
and the current output of the armature is £/(J? -j-r), where r is the 
internal resistance of the armature. If. as in Fig. 3. both pairs of 
brushes are equally active, the voltage of each pair is o.yE. The 
resistance in the square frame encountered by each voltage is that of 
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one quadrant, or E; hence the total current coming from the armature 
is i4£/(i? 4-r), 

Laboratory tests fail to show such an error, which, in fact, is non¬ 
existent. Though the current output of the armature Yaries, the 
distribution of the current in the armature varies also, so that its 



integrated cross-field reaction is constant. This is readily shown by 
consfderiiig the case of a Gramme ring, of which the compass arma¬ 
ture is a special and d^enerate case, 

Fig^ II represents such a ring, H being the direction of the 
earth's field. Current will flow as shoym hy the arrows, producing 
a trass-field horizon tally directed. 
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If the field be irujined at an angle ^ to the horizontal as in Fig. 
12, wc may resolve it into two components, H sin & vertically and 
H cos & horiiEontally. If the intciisity ot the currents in Kich half of 
tilt ring in Fig. 11 be taken as nuityj the intensities of the similar 
currents generated in Fig, 12 will be sin ^ and cos respectively^^ 
These currents are taken off hy two pairs of brushes, and encounter 
the same external resistance in the dial switcliboartL We may con¬ 
sider these component currents as superposed, the intensities in the 
four quadrants being shovm in Fig. ij. 

Let the radius of the ring be unity and let L be the inductance 
per unit arc of the ring. Then, representing the current intensity at 
any angle ^ (Fig. 14) by i the tolal cross-held C will be propor¬ 
tional to 



where d —^ is the angle between the reaction-field of the element of 
the ring at f and the perpendicular C to the field H, 

Using the values of * in Fig. 13 this integral breaks up into two. 



= 2i |^(an + 00s By + (fiia ^ - cos fl)*J 
— 4^+ 

Hencej. the resultant cross-field reaction of the ring is independent 
of the course-angle and there is no quadrantal or other segmental 
error from this source* 

The instrument as above described wiU give about one imUbneter 
deflection at the galvanometer for five degrees change of course* the 
sen5itivit>' bring a little greater at the cardinal points than in the 
middle o£ a quadrant. This sensitivitj^ is capable of a reasonable 
amniint of increase, if desired* by using a larger armature with a 
greater number of turns, or by increasing the speed of rotation, hut 
for the present state of the art of aerial navigation the instnimenl is 
sufficient!V sensitive. 
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The total weight of the apparatus as shown in Fig. 10 is about 
five and a half (5}^) kHogranis. 

Excessive tilt is prevented by a guard ring (not shown in Fig. 10) 
supported by guy wires in such a position as to intercepl the motion 
of the lower projecting end of the axle 6 when the angle of tilt 
exceeds 30°, an angle not usually reached in ordinary' ByHng. llie 
great demand for a compass conies from cross-countiy and cloud- 
flying—not from acrobatic maneuvers. 

Air tests of this instrument liave been made during its develop¬ 
ment at one of the flj-ing fields in this country, the latest series being 
completed during the week of October 24. 1931. This last series of 
tests has demonstrated that the instrument as here described is reliable 
in the airj that the needle of the galvanometer can be read during 
pitching to a half millimiEter, corresponding to two and one half 
(syi) degrees change of course. It appears to be impossible for a 
pilot to roll his plane ivithout also slightly veering it snfHcicntly to 
cause an oscillation of the needle of about one (i) mSliimctcr on 
cither side. The needle is unaffected by a vertical drop or " hump,” 
On rounding a curve centrifugal force deflects the needle; but such 
force diminishes, on leveling up, at a rate sufficiently slow to allow 
the damped pendulum to become stationary hj- tlie time it reaches the 
vertical. A sharp veer of the plane will cause a slight oscillation of 
the needle, which is damped out in aJiout three (3) seconds. Due to 
the constant slight vibration of the plane, the damping of the pendu¬ 
lum produces no loss of sensitivity, the pendulum being shaken into 
the vertical from even a small displacement. 

In the opinion of thuse pilots who have tested the instrument 
some Form of electrical drive would he preferable to wind power, as 
atFordbg a higher speed and greater sensitivity, and being more uni¬ 
form. .Many planes carry electrical generators. No disturbance of 
the compass would arise from tlie rotating field of an A.C. motor 
mounted on the same axk, as the flux due to the stray field would 
rotate at the same speed as the earth inductor, and be therefore in- 
variables with respetrt to the coiJ, 

Certain mechanical improvements in detail have been shown by 
the latest air tests to be advisable. An invention, like a work of art. 
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h never finished. Metallic bmshes will probably be preferable to 
carbon for a long flight j and a commutator of hardened steel will 
probably save frequent replacements. The question of brush wear 
js naturally more impcrtanl at eight (8) miflivolts than at ordinary 
commercial pressures. 

Addenba. 

Since the date of the presentation of the foregoing memoir cerbiiii 
additional and correctional material has accumulated. 

A comparative examinatiuu of various lorms of commutator and 
brushes has shown that a mica-filket brass commutator and brushes 
of carbon are by far the most satisfactory combination. Such an 
arrangement has been run in the laboratory at 20 revolutions per 
second for 146 consecutive hours with a variation of less tlian one 
degree in the compass reading at any time during the test. The wear 
on the brushes was trifling. One hundred hours' flying is about the 
maximum service obtained from an airplane before cotnplete over¬ 
hauling of its engine is necessary. These additions have been tncor- 
porated in the text. 

Buic^u i37 Standasds^ 

WASHLNcmNj’D, C-, 

November, 1-^1+ 

*‘Th5s iiutniTnent m part of the prpKT^mme set 1;^ the Air ServicCj in 
itA attempt to put the tiavigation of the air on a basis as truilivcirthy as that 
of the wAter. The study of the problem was undertaken by the Bureau of 
Standards at the rcciucit of the Air Service^ and the expense inddent to the 
deveiopmcTit of the final successful model was defrayed by Air ScrrlcF 
The fl>'ing tests were carried out with the cooperatioa of the Eu^eering 
DiviAiott of the .Air Service at MeCnok Field, Dayton, Obio/^ 


THE PR 0 B. 4 BLE ACTION OF LIPOIDS IN GROWTH. 

Br D. t, MacDOUGAL 
(Rfad jSpril w, 

Adcuiniilating evidence, including biochemical tests of the occur¬ 
rence of h^ids in cells, especially abundant in the accretion stage of 
growth, microscopic and ultra-microscopic examinations of plasma 
Md wall, the use of reagents which would displace or liquefy lipoids 
in the modification of permeability, all support the conclusion that the 
lipoids constitute the external layer of the plasma sending a pene¬ 
trating meshwork into both the plasma and the wall. 

The implied view would make the lipoids the fundamenta] struc¬ 
ture of protoplasm and the primaiy factor in all exchanges between 
the cell and the medium. The facts cited cause renewed interest in 
the original pro^sal of Quincke in i8SS and of CKerton in 1895 and 
1899 as to the lipoid theory of the plasmatic membrane. 

Additional information concerning the nature and action of some 
of the common lipoids, and of the nature of hydration, tc^ether with 
exact determinations of the influence of various ions on permeability, 
gives opportunity for the consideration of the subject from new 
Jingles. 

r. The experimerrtal results which contreni the rnatter and which ^ 
are described in the present paper have been obtained by two methods. 
Measurements of endosniose in artificial cdls. with a plasmatic fining 
including lipoids, have been made. These results have been corre¬ 
lated with measurements of the hydration reactions of biocoUoids, 
and living and dried cell-masscs in the solutions used in the osmotic 

2. Lecithin incorporated in the plasmatic Jelly layer of an artificial 
cell has hut little effect on the osmotic action. Tlie same substance 
deposited as a layer between the plasmatic jelly and the outer wall 
lessens the permeability of the system and increases the osmotic effect. 

I'ROtX AHEk. tmU BOC., VOL. U?!,, C, ADG, ij, J^aJ. 
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3, The uie of saponin or solutions which liquefy or displace 
ledthin in the cdl contents or cjctemal layer increases peimeability, 
presumably by increasing hydration, and lessens osniotic action. This 
is in agreement with the results of Boas and Jvahho. 

4, The nature of the action of saponin on artilidal cells suggests 
that this substance affects the permeability of the outer clay walls of 
artificial cells. The hydration reactions of Uving and dead cell- 
niasscs measured with the auxograph show a similar influence on the 

wan of the plant cell. , , .. . 

5, Dried pbtes of biocoHoids wbich show many similarities m 

hydration to the action of protoplasm, but which contain no lipoid, 
are rendered less permeable when swelled in a saponin solution. Such 
a solution increases the permeability of plant cells. The results sup¬ 
port the inference tliat this effect is due to the action of the solution 
upon the lipoid constituent.* 

6 The artificial cell as used in the ereperiments shows accelerated 
action when a lipoidal layer is deposited between the plasmatic jdly 
and tlie outer clay wall. With cell-contents of KaCl 0.01 Af mi- 
tnersed in CaG^ 0.001 jW, negative osmose, then positive osmose, oc¬ 
curs. Tlie tonidty of tlie cell may be seen to increase from 0.003 to 
005A/ KO. The “life" or period of activity of such a cell may 
extend over a period of 60 to 80 days with renewal of the immersion 
liquid, but not of the cell-contenta. Anotmiloiis osmose may be ex¬ 
hibited by the outer wall, which is semi-pcrmeable to sugar, asparagm, 
and other organic substances, but the action of the cell when the 

pliLsniatic layer i& added is positive, 

7. Livinj^ ccU-masses wtdeh sHow a wiiier deficit or a hydration 
capacity of 40 per cent, and which remain liirgid when swollen take 
up only about one fourth of this amount ot water when increased 
permeability sets up shrinkage in saponin o.oosA'f, The effect of the 
saponin decreases with the concentration to a minimum at about 
O.ODO2M. 

B. The effect of the saponin upon permEabilit^^ as measured by the 
swelling which ensues bcEore shrinkaije begins is not dehnitely accel- 

i G-, Ann. d. Fhysik u. Chami^, S 5 p Cherton, 

E,, " Osmatisehc Eigcnscliaftcn^"* yicneliahr£^i:hr^ Naturfonch, Ztittcbn 
40! I, 1895. See also "tpeber dtc aUtsf^mcmen osmottaclufn EiRretiidmFtcn d 
Zelle " by tills autJior in the same publiGatioit, 44 p 
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enited by KQ m Yivmg cetl-™stie3 of Opuntia. This tfisult is not 
in agrecinent with Boas^ who found tli^t the salt accelerated the action 
df saponin upon ceiJs of Tradescuntia. 

9. The hydtatidn of such living cch-imsses is not definitely af¬ 
fected by variations in acidity up to PJf 2, No positive incteases 
were noted in KHO in weaker concentratidns, but swelling was les¬ 
sened in q.qiN, 

TO. Dried cell-masses display a roininuim effect from saponiii at 
about the same concentration as the living material, but the swelling 
which is maintiined increases witli die concentratidn to about o.oo%M. 

1 f X The hydration ol dead cell-masses was not definitely affected 
by HO at 0.0 liV^ hut at weaker concentrations, 0.001 to o.cxx32A'’, the 
swelling was greater tJiaii in water. After the neutral point is passed 
some increase is to he noted in KHO O.ooi.V, which reaches its maxi- 
tnum at o.oiiV. 

12. The hydration reactions of dead cell-masses of Dpimth in 
aL 4 dified solutions are those which might be displayed by a biocolloid 
in which the protein and pentosan ccimponents were nearly actual in 
t|Uantity* The hydration reactions of living cell-masses are such that 
permeability^ is increased and swelling lessened in hydroxide at o.otjV 
and o,O05jV. This reaction, like tliat of saponin^ is reversed in the 
dead cell-masses in w'hich swelling increases with the concentration. 

Cytotogists have for Elic most part considered the so-called plas* 
malic membrane as a peripheral bycr not separable from the cyto¬ 
plasm and by implication to consist of proteins. Seifriz regards this 
supposirious meiuhrane as a highly viscous layer about i^ in thick- 
ne.ss.- In the recent notable contribution by Hansteeu-Cranner tbe 
peripheral layer of plasmatic substance is regarded as lipofdal, con¬ 
sisting of a disperse phase of hydratable material not soluble in water, 
in a continuous pliase of v^^ter-solubk lipoid. This formation is con¬ 
tinuous with a fundamental lipoid meshwork of the plasma. A 
lipoid meshw'ork from the peripheral layer is also supposed to extend 
through or into the cell-walls. The cotidusions thus briefly noted 
are held to 5u.stain the general contention of Overton as to the Lipoidal 

■Scifro!. W., “ ObMrvatiqna on Some Proiicrtici of Protoplasm 

by Aid of Micradissection.'^ a/ Bot, 35? 369-396, 1921. 
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character of the plastnatic membnine.* Such an arrangement of 
lipoids wuuld be one which would permit the passage of both water- 
soluble and fat-soinble substances into the cell. 


Giapek's notable contributions To this subject show that lipoids 
are especiallv abundant in rneristetn and lu nearly all in the 
accretion stage of growth. Czapek places himself in the position of 
considering the plasma as essentially a lipoidal structure.* Walter, 
in coiihi Illation of Biedei uiann, found that the plasmatic mass of 
plants is not readily digested by proteoclastic enaymes until the lipoid, 
Vrhiefa is held to be in a fine state of dispersion, is first extracted hv 
a fat solvcut. He holds that his evidence is against the conclusion 
that the lipoids are localized in a peripheral layer in the cell * 


The presence of lipoids in the cell colloids in the accretion stage 
of growth would. It seems, almcist inevitably result in their accumu¬ 
lation in the peripheral portion of the plasmatic mass in accordance 
with the laws of surface tension. That such a la^'er does exist was 
concluded by Boas, who published a preliminary paper to this effect 
in ipao and his detailed observations upon which this conclusion was 
reached in 1921. The experiments were based upon the known re¬ 
actions ol lecithin and cholesterin to neutral salts and to saponin. 
Measurement of fermentation in yeasts and of the decoioriaation of 
cells of higher plants are made the basis for the assertion that a 
proteinaceous membrane in the cell Is highly improbahle, and that 
lipoids are concerned in the exchanges of the cell with the medium.* 


Although this writer found that non-conductors in hypotonic solution 
retarded the action of saponin on the supposed lipoidal layer, and that 
h>pertonic solutions of cane sugar, for e.xample, accelerated it, the 

"HansicCTi-Cranner, B., itir Oiemie mtd Phyiipki^e dtr Zell- 

wand und der pla^iuadsditn GrEn^schichtEii,*' Ber. J, Diful. Bot. to 

Hft, 8, igjgt ■ '' 

*Ciapid<, F., "Zuiii NadiweisE von Upoiden in PflajiiwiieUen," Bcr. rf. 
jDfiff. But. GtJell,^ ay; 207-216, 

"Walter, H., **Ein Beltra^' ztir Fragc der chemiKhen Konstitutlan der 
PrQtQpLafiTna. Bhekevt. 122: 86 -pgv 

Dfl Krantnisa der Wirkim^ des Sapotiing attl die 

PdMiliche Zene. B^y, d. Dtul. Bat. CrsflL, 38 ; aso-SSSt Also. “ Unter- 

^chnngcn Mitwirfcung dEr Lipoide bntn StofI-Anstai«ch der 

PflanElichen 2cl3, Bwehrm. 117: 166-^14, 1321. 
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possibility of the action on other colloids than proteins and lipoids is 
not considered. Kaltho pubJtshed the restilts of his tests as to the 
pci liiciibility of roots of yellow lupine to neutral salts late in 1921. 
He cotifirms the series as to ^jertneability of kations which runs 

in whicli the greatest penetrability is 
shown by potassium and the least by calcium. It is also seen that the 
interferences are such that each kation is retarded by those to its 
right, and to a degree proportionate to its distance to the right, and 
that the greatest retardation is by the kations which show the greatest 
coagulating action on colloids. The kations which have the least 
coagulating action on colloids penetrate most rapidly. The anions 
retard the colloidal or coagulative action of the kations in a scries, 
dtrate< 3 ulphate<taftrate<a<NO.<Br<r. in which the effect is 
least with the citrate and most with the iodine. That is, each kation 
has the greatest effect when combined with the citrate and least with 
the todinc. As a further consequence, the citrates have the least 
penetrability and the salts of iodine greatest. It is held that the be^ 
havior of the roots in a weak alkaline solution supports the conclusion 
of HansteeU'Cranner as to a lipoidal layer.^ The greater expansion 
and contraction of growing roots b weak alkaline solutions is attrib¬ 
uted to the solution or displacement action of such solutions on the 
hpoidaJ iiieshwork of the walls, rendering them more contractile. 

The results cited above are not decisive or iinal w’hen takun sep¬ 
arately, Their concurrence limds substantial support to the conten¬ 
tion that the lipoid.^ are a prime factor in the exchanges between the 
cell and the medium. The establishment of the fact that such a lipoid 
as lecitliin may he present as an emulsion consisting of a disperse 
medium soluble in water and of a disperse phase swelling in water, 
tlie entire system displaceable by fat-solvents, would furnish a plas¬ 
matic menibrane or peripheral layer through which both salts and 
fatty substances might diffuse. Lecithin, for example, is supposed 
to absorb about 40 per cent, of its volume in hydration in water, is 
soluble in chloroform, alcohol, heruene, carbon disulphide, etc,, and 
has the power of combining with hath acids and bases. 

■Kaliha. H., “Eln Beitrag: tur Pemeahilitat des Fflanzenprotoplaamas 
fur Neutraljalac," Biorhem. Zeit., lao: igai. See also p, same 

volume. 
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The importance of the entire matter Is such that two series of 
experiments were designed in my own laboratory, the results of which 
might have a hearing upon the above conclnsions. In one the awjto- 
graph was used to register variations in thickness indicative of 
changes in hirgidily of cdl-tnassas subjected to neutraj salts and other 
solutions. Next lipoids were Introduced into the construction of the 
artificial cell rec^tly designed, and the effect of such substances 
upon penneabtlity of plasmatic laws of odl colloids under the in* 
fluence of salts, sapooin, and soaps was determined. 

Brief mention has already been made of the artihdal cell used.* 
The cell in question was of a design in which day, porcelain, aJun^ 
dum, or wooden thimbles representing \-arious degrees of porosity 
■were used to represent the external wall, while the plasmatic layer 
could be represented by a plasmatic lining layer of any jelly or mix¬ 
ture of jellies. The thimbles were fitted with an osrnometer 
consisting of a stopper pierced with two holes, in one of which was 
fitted a filling funnel with stopcock, and the other with an outlet tiih f 
bent to the horizontal inanediately al>o>'c the stopper. Such an 
arrangement permitted the measurement of endosmosis by the amount 
of liquid forced out and caught in a small graduated receiver. The 
greater number of experiments were made with the clay thimbles used 
in the Livingston evaporimeter (Fig. i). Cells of this type lined 
with agar treated with tanning reagents and fitted with vertical outlets 
to show pressure, designed by Professor H. M, Richards, have been 
in use for some time in the Botanical Laboratories of Barnard College. 
.As arranged in the work described here, the pressures in the cell 
were never more than that of 12 or 15 mm. of water. 

The arrangement of this artificial cell was begun by washing the 
thimbles in warm distilled water and preparing a liquid mixture of 
the materials for the plasmatic lining layer. About 10-12 cc. of this 
materiai was poured into the warm, moist thimble at a temperature 
of 40-50° C., the osmometer head put in place, and the thimble turned 
ia the hand in a horizontal position. If a coating of 2 or 3 mn Jn 

Distetttive Ageodes in the Gfowth of the 
Cell. Prof. Sof. Eiper. Biol, and Mtd., 19: loy-iiov tpai. Sec origm»] de* 
smption of this celt in the Rtport of the Dipt, of Boi. Rtt„ Cawmgir hnt 
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Fia t. tell dfEijfncd to ilbslrmt* y^aUanfii in outer wait and 

plasnmdc biyer. The tl^v watl h Lhat of a fUter thfinble such as is used m 
the Uviii£:stflii evaporimeter. The Upoidal layer is drawn heavily nut oi pro- 
portiou to Ulustratc tcore clearly the processes exlendirif into the wall mid the 
plasmatic layer. The plastnaljc layer in the e^pcrinienti described in this 
pa{>er was couiposed of agar, agar-irrlatiile, or modified mixtures. The eel! 
was subiuerEed to the lop of the stopper hi operation. 
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tKiekn^^ was desired^ this wag cftnttniied until all nl the jelly had set. 
If a thinner layer was requiredp llie stopper was renwved after two 
or three ininutes and most o£ the liquid poured ouL Unifonnity was 
attempted in the cells in any series. 

After cooling for ten minutes, the cell contents ’were poured in 
and the preparation set in the imnterston soJutmti so that the outlet 
tube was horizontal and no siphoning action w^as possible. Headings 
were generally made at 24-hour intends unless otherw^ise specified. 
The clay thimble is so readily permeable to salts of potassium and 
sodium at 0.01 Af that no action of this wall alone foUow^cd a filling 
w'ith such solutions except a direct outward diffusion. Tt is much leas 
permeable to organic compoundSp such as sugar^ asparagin^ sapemin^ 
soapp etc. A com^rison of its action with the results given by 
Kartell would seem to iudicate that the clay wall has pores less than 
1 ^ iu diameter.^ The positive action of the thimble with sugar may 
be illustrated by the Eact that when filled with a 2 per cent, solution 
and immersed in water at C. a column 3 mm. in diameter was 
raised to a height of 35 mm. in 30 minutes. Asparagip, saponin, and 
urea at o.oiAf also gave positive pressures.^* 

Solutions of agar 0,3 per cent., of gelatine and of potassium oleate 
as cell contents resulted in endosmose in clay thimbles without any 
lining layer. Further tests showing the n^ative osrnose which might 
take place through the walls of the clay thimbles were made with 
calcium solntfons. One lot of thimblea were filled with CaClj at 
0.01.4/ and set fn water, while an equal number were filled with water 
and set in the calcium solution. The calcium solution inside the cell 
set up negative osmose which retracted tlie horizontal column of 
water in the outlet tube, and the ccU containing water showed exuda- 
tion caused by the passage of water through the wads from the calcium 
solution in which it was immersed. 

Tests with cylinders of turned wood with walls 3 mm. in thickness 
showed positive osmose when fiOed with the calcium solution* as did 
also filter paper thimbles (double thickness Whatman), It is evi¬ 
dent* therefore, that this native osmose Is to be attributed to the 

• BartelK F. E,, " Pure Diameters of Oimotii;: Membranes,'^ lout. Phys. 
Ckftn., i6: 318^ No* 4, Apnl, TOl?- 

Stem, K.p * Ueber negadven osmosen mad verwitidtcn ErscheinuivEenp” 
BfPr. d. Urnt BqI. 37: 334-J43, igi^. 
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of the pore or the compositipn of the The repetitian of 

the tests with calcium cMoride at o.ciOi ilf as an immersion fluid On a 
clay cell filled with water gave an exiidalicin of t-3 to lii daily for 
twenty days. At the eod of this time tiie external liquid replaced 
by one more concentrated at o.oiM. The rate rose slightly during 
the first day\ then fell away to c,c, on the fifth day. 

Another interesting case was that in which a day cell containing 
sodium at o.oi3f was set In a calcium solutiDn o.ooTil/* The initial 
action was a negative osmose resulting in the Joss of water from the 
stronger sodium to the weaker calcium solution outside the cell during 
the first 24 hours. The action w*as now^ reversed and eridosmosis 
began at the rate of 0^ c,c. daily+ which rose to 14 c.c. daily on the 
fourteenth day^ after which the rate fell off^ Replacement of the 
immersion solution with a more t^jncenl rated calcium solution at 
o.oiM did not alter this process, as the rate continued to decrease to 
o_2 C.c. on the tenth day. 

After such measurements had been made of the porosity of the 
clay walls^ lining layers of various mixtures of btocolloids were placed 
in Uiem and thdr ahsorption capacity measured by the amount of 
water delivered by the outlet tube. 

Tlie examples given below are sets selected at random from a 
large tiumbcr in which no radical departure from the average behavior 
found. Unless otherwise stated the cells were immersed in 
water, and the cell contents were at Endosmose measured 

as excretion is given bdow in c.c. 


1 

! l£CI. 

NaCr 

HCL 

Aspofaj^ln. 

Water. 

Gelatine.. .. ^. 


-j M 

1.6 

1.* 



Agar.. + ■ 

.. . .. 

+S 


5 3 1 

1 3.1 

1.6 


A special set oi cells for testing the comparative cSects of sodium 
and potassium chlorides at O.Oij^f wnth a plasma of agar-gelatine- 
potassium oleatc was operated with results as follows: 


ContDitfl- 

Outiide Ltquld. ! 

1 Amaunia 


Water ^^. 

Water 

a,s, J.5 f 3-S t.c- 

a-5 tCL 

KCto.OlM.. .......... 

id 

a.J. 6.13 

4-9 ** 


1 

a.?. ^.3 

! a-S 
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Repetition of these experiments gave no data n-aiying iwtabty^ 
from the abo\*e, AJl were carried out at 15® C 

A fourth plasmatic layer was prepared consistiiig of agar 5 g., 
gelatine 2 g,. potassiom olcate 5 mg., and lecithin 25 mg., and parallel 
series in potassium and sodium chloride were run at laboratoiy tem¬ 
peratures of t4 to 18" C. with results as follows, in which the total 
excretiojvB for three cuj^ with each salt are givea : 

m o.oijf ..5,g tc. &4 te. 9u| tt Total 5 n 140 hoars 2^3 ct 
rJaCl a.oiM' .. .5.3 c.c. A? tt tc, ^ “ “ >■ am 

It is to be seen tliat the action of the sodium and potassiuni salts 
is most nearly equivalent in gelatine, that the greatest differeoces are 
shown in a layer of agar, and agar-gelatine soap where the amount of 
excretion from a potassium cell may be double that of one filled with 
sodium. However, when lecithin is incorporated in the mixture, the 
difference between the action of the two bases is not very great. 

The several processes which are integrated in these results may 
be simply stated as follows: First, the plasmatic lavers begin to go 
into solution as soon as the cell i$ filled and the resulting osmotic 
action wLU be one characteristic of such solution. About 10 per cent, 
of an agar*gdadne soap layer 2 or 3 mm, in thickness would be dis- 
sohed at the end of the fourth day, but after this saturation point of 
the cel! contents is reached the plasmatic layer dissolves slowlv as new 

supplies of water are absorbed so that cells have been seen to operate 
for 60 to 80 days* 


It has been pointed out previously tliat such a cdl with a plasmatic 
layer uf agar-geladne-potasstum oleate mixture has at the hegbining 
a tonicity by which it shows endosmosis in a 0.03,V solution of 
^tassium chloride. After some action in this concentration it may 
be moved by stages to a solution of o.OosAf from which it will absorb 


Pr‘oc^. Sfff- for 


K Asimftea in Growth," 

ETper, BiqI, qie^ i3; 1921. 

ai uebtr die Aufnahme von Saken in 

die lebcnde Zelle," J^hrb. /. s^,., s5: “ 

Stiles M, A., and Kidd, F., "The Coni[«riUive Rate of Absorpti™ of 

Pa*ittrapli.in.i (0, 

Neutralsalie, Siachtm. Zett., lao. a&i-jOj, igar. 
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The above applies to cells filled with water and immersed in water. 
When the contents inchide substances already in solution, such as the 
salts of potassium and sodium, the action of these salts on the colloids 
both as to their solution and hydration are to be taken into account. 
As hydroxide at 0.01M potassium is found to retard the hydration 
of a^ar more than sodium. Whether this would be true of the desi^~ 
natcd colloidal mixture, and as a chloride, lias not been tested, but 
probably this action would be reversed,^* 

The ionic velocity and speed of penetration of tlie potassium would 
be greater, and its superior osmotic action would result in a greater 
endosraosis than in the cell containing sodium. 

That solution of colloids, the penetration of the pores by colloidal 
matter, and the action of salts and other compounds act progressively 
may well be inferred from the long^ontinued sweUing action of these 
biocoUoids in dilute salt solutions and amino-compounds, on the one 
hand, and on the other by the fact that when blocolloidal cells are set 
in action the nite of endoamosis rises until some lime in the third 
i^-hour period, no change having been madi; in the prepamtioo fneafi- 
while. .A decline in the rate takes place during the fourth day, but 
tlie decrease is so slow that endosmosis may continue for 60 to 80 
days. Such action is illustrated by the following figures; 




Amount of 


C^nttmia. 

lit Day, 

Jd Day. 

jd Diy- 

4th Day. 

Re- 

miod 

Day. 

Oth Day* 

Wnl^r- ... . . h . . 

1 

1 

I-S 

9 .fi 

1-7 

1 

a j6 ilc. 

UlTfl O-OliJ. . .T .. 

0.7 

1,8 

3 -S 


A^parO^in Q..01 Jtf. . + ^ ■ 

o.a 

1 

4-5 

1 3.0 

1-6 

1 


The above procedure, it should be noted, is one that characterizes 
the agar-gelaltne-soap biocolloid and is not shown by agar in wliich 
endosmosis falls off rapidly. 

The foregoing tests serve to iUustratc the operatioo of the arti* 
ficial cell which it was proposed to use in determining the possible 
action of a peripheral layer of lecithin or lipoids in tlie absorption of 
salts by the plasmatic layer. Lecithin had been incorporated with 
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the other inajii corttpoiients of a Immg layer in one series of prepara.- 
tjons, but the effects of its action as minute globules distributed 
throughout the mass were indeterminate, as noted above. A special 
series prepared in such manner as to secure a lipoidal layer external 
to the plasmatic mass and lying next to and in the wall was next 
prepared. 

Clay filter thimbles which liad been cleaned and W'armed in dis¬ 
tilled w'ater were drained a few seconds, then 4 c.c. of a ^ per cent, 
solution or emulsion of lecithin was poured into it. After stoppering 
the thimble was turned in the hand for about two minutes in such 
manner that the lecithin was made to bathe the entire innpr surface 
repeatedly. About 3 c.c. of lic|uid would be poured out when the 
stopper was remo%'ed, but this would be of a lighter hue indicative 
of the fact that some of the lipoid had been taken up by the cup, 
w'here it wuuld be held in the inner surface layer. If the properties 
of the lecithin layer alone were to be tested, the osmometer head 
would he put in, the desired solutions poured in through the funnel 
tube, and the thimble set in the immersion fluid. If a more complete 
simulation of the conditions in the cell were desired, the thimble 
treated with lecithin received about 10 c.c, of liquid jelly, and after 
being again stoppered was turned for another two minutes, when this 
vi-as also poured out, leaving a thin layer on the wall, and the osmom¬ 
eter head put in place- Such cells now included a great central 
vacuole to receive any desired cell-contents, had a plasma of an agar- 
gclatine-soap mixture, and a peripheral layer of lipoid which had 
undoubtedly penetrated the wall to some extent. The pores of the 
clay walls were so large that solutions of potassium and sodium 
would pass through them readily setting up no pressures. 

That the deposit of lecithin had effectually closed the larger pores 
was evidenced by the fact tliat when cells treated with Icdthin only 
were filled with potassium chloride or sodium chloride at 0.0i.V, the 
average endosmosis in 24 hours as measured by the excretion for 
the potassium was 6 c,c. and slightly less than 4 c.c, for the sodium. 
These figures represent the iotegration of the action of the two 
kations on the lipoid and their osmotic pull. 

Next a scries of cells with a lecithin layer and an inner layer of 
agar and gelatine were arranged to test the influence of saponin on 
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tht action of potassium solutions. 

Two cells were 

used for each 

case and the endusmosis for 20 hours was as bdow: 


Cwlt jfwtntwnSw ^ 

IiPiRETxbvi. Eucfftmi Qr Ejidoimimk. 

Water .... 


i.i, 1.2 c.1^ 

KCl aoosAf __ ■ 


4 3 cc. 

KCl aoosii 1 

S^poilEtt 

0.^ 03 cc 

-Saponia -005^^ J 

O.OOSilf 


KCl auasM (cell treated with 
lecithm Qnly) . + 


aa, 0.0 M. 

KCl 0.005^/ (ledlhin opIj) 

0.005lf 
.Water 

3 - 3 p 34 


One of the most noticeable features of the tests with the potas¬ 
sium solution as above, as well as with the sodium and calcium the 
results of which are given below, is to the acceleration of the action 
of the ceils so that the amount of endosmosis was greater during the 
first 24 hours than with cells not treated with lecithin. This is espe¬ 
cially noticeable in rt-lk coated internally with lecithin only. 

The measurements of the action of cells filled with sodium solu¬ 
tion are given below: 


CcT3-ainiaitfc 


Emtowiw^,. 


___Water 

T4y 13 C -C 

NaQ ftooftif 

.Water 

1 . 6 , 1.5 C. 0 - 

NaG aOOfAf ) 

Saponm O.OOg^f J 

Saponin 

O.Ov 0.0 

NaCi CLOosJIcf (Jecitbin only) 

.**.*,...Sapaiiin ojiosM 

00 , 0,0 C.O 

TJaG o-OOisM tltcithifi onlj) . 

■«r,. +» 4 > «• ,p Vt ater 



A series of cells with calcium as the principal salt-content showed 
action as follows; 


WalcT ^ ' 

CaCT, .C05M. 

CaCl. ,0O£Jl^ I.. 

Saponin , 00541 J 

CaO, joOSJf (lecithin only) 

CaOj .oosAf i lecithin only) 


^Water 

.Water 

.Saponin d.dd^M 

-SApontn .005M 

Exosmosift 

.Water 


HcidcifTncipt. 

3,4, 04 C.c, 
t.c. 

cc. 

□ a 

4 a, tj .5 


The cells containing potassium were run for 20 hours, those mth 
sodium 16 hours, and those with calcium 24 hours. The endosmosis 
for two cells in terms of excretion of water is given in each ease. 
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The control pair of cells are Elled with water and set in water 
givmg the cndosmostic action of the plasmatic colloids whidi dissolve 
into the central cavity. The osfflode aE^ion of the salts in cells set 
rn water is illustratii'e of relative action of the three bases in these 
cells. The cells containing a salt and saponin In an immersion lit^uid 
of saponin were tinder conditions which would liquefy the Ifsdthin 
Layer and make it as wdl as the other jeUies more perm^ble to salts 
of potassium and sodnun. The Itque faction of the lecithin in caldinn 
cells apparently was accompanied hy the bloddng of the larger pores 
in the clay wall^ nr hy the coagulative action of the calcium on the 
agar-gelatine jelly and the lecithin. CelUi. with a lining Layer of 
lecithin only shoived a sufficiently low permeability as tn give marked 
amounts of endosmose. 

The above results are of direct interest in showing that if the 
Ii™g cell does hare a peripheral layer of lipoids the treatment with 
saponin might well result in its liquefaction with a resultant radical 
change in its permeability to salts. The observations of Boas are 
to the effect tliat some of the organic contents of the cell mav exercise 
an infiticnce on the action of saponin. 

Tlie principal matter of importance in this connection, however, 
is the possible effect pf the saponin on ihe cell colloids beside the 
lipoids which would alter their permeability relations. A series of 
cells were given the lippidal treatment, then lined with gelatine-agar 
jelly. The following results w-en: obtained: 


Contmti of rdl. LmmiETklau. tur 


Water,. . 

.***.**Water 


cc, a4 c.ci 

Cane sugar 5 per 


ay 

i.D 

Cane sugar 5 per cent.. 

... -. ^. KO C4Ji Jf 

45 

^7 

Cane sugar 5 per cent! 

KCl 

r .5 


Saponin J 

Saponm 



The day walls of the cells are only slowly permeable to sugar 
and the clay^ thimble with no lining layer wowld probably show en- 
do5tnose equivalent to the amount excreted when immcT^l in water. 
When the immersion fluid contains potassium chloride the endosmose 
is the resultant of the opposing action of the salt and sugar* If now 
the sole action of the saponin were to liquefy the lecithin and render 
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it more permeable to the potassium, the amount of endosmose by the 
action of the sugar in the cell contents would have been iuCTeased. 
It was lessen^, in fact, suggesting that the saponin exercised some 
influence on the condition of the wall or the plasmatic colloids, A 
special series to test this matter was now arranged, as noted below: 


CeU-cfiiilcnt^ j 

ImnLcialoil LlqtiiiL 


Cominnit. 

Walcf. _ 

Wnter 

l.A. CrCr, 


far 3 riaya 

KCi + + * + - ^V" 

Water 



dHifi 

KClo.OOSJf-^. - -- ^ .x' 

SajMQifl. [1.003J/ 

o.V 

1.B 

One ttU on 3 iS&ja. 
Twtj ceUfl 





gave nfgatlve 

EUltfl 

KCI o.oos \ ' 

Sdp^nin a.odsJlf J ‘' 


G.D 

0.0 

Nn poettive resulta 

Sugatr s cfiiii...... 

Su^r 5 \ 

Sapotiin C1.005JJ J 

’W&l€r 

1 SapeaEn 11-M5M 

A.;t 

D.O 

0.4 

0-3 

3.1 

0,4 

o.S 

for 3 dai-* 

Firat day 

Second! 4 ay 

ThErd day 



■ 0.5 

i.ji 

Fcnirth day 

KCJ \ ^, 

KH>l£atE o.'dCisJ/ / 

K-<»l£nXje o.ocpjiAf 

CrS 
'■> 0.6 

a.a 

Fir^t day 

1 day 


The presence of the saponin results in a diminution of endos- 
moais with either sugar or potassium chloride as the major con¬ 
stituent of the cell-contents. Such a result has only one explanation, 
that of increased permeability to both substances as a result of the 
action of the saponin on the clay wall and the plasmatic lajcr. 

After the above readings had been made the cell which contained 
potassium and was immersed in water was shifted to an immersion 
in saponin 0.005W. Exosniosia resulted immediately, which would 
he negative osmose, as the osmotic action of the salt solution would 
be much greater than diat of the dilute saponin without. The cells 
containing water only w'ere now filled with KO 0.05 and immersed 
in saponin 0.005.11. One gave 0.5 c,c., then showed exosmosis. The 
other gave 2 c,c. and t.8 cx. on successive days. 

An untreated clay thimble was filled with the combined sugar and 
saponin and set in saponin, with the result that an endosmosis of 
1 C.C, was measured in tire first day. Another untreated thimble 
filled with sugar in 5 per cent, solution gave 0.5 c.c. ctidosmose in 
1 day, which was below expectancy for these preparations. The cell 
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witb an agar-gelatine plasma filled with a 5 per cent, cane sugar 
solution g:ave averages of over 2 c.c. daily when immersed in water^ 
but action ceased when it was transferred to a 0.005!^ saponbi 
solution. 

It 15 evident tiiat the presence of sapomn with sugar or salt solu¬ 
tions in the contents of the clay thimble or the cdl, or in the im- 
DicrsioQ finid^ lessens endosmose, presumably by increasing the per¬ 
meability of the memhraneSp or layers of jelly and the firmer wall. 
Some of the agar (3 parts) -gelatine (2 parts) jelly used in 
making the plasmatic layer of the cells was dehydrated, coming down 
to a plate mm, in thickness. Trios of section were hydrated 
under the attxograph with the following increases jn thickness at 
14-16* Q: 

Water .....asoo per cent 

Saponin fxoi^ per cent. 


KCl O-Dilf *.+ 
KC] 

Saponin aoiA/. 


2250 per cent 

- 1S7S 


■} 


The actual hydration in the saponin less than Jn water, that 
in KQ was rtill less^ whUe the combination of the salt and the 
saponin restrict hydration still more. The action of the saponin on 
a plasma of die above t\^ would therefore be to lessen permeability 
alone and in the presence of the salt. This would tend to increase 
osmodc action, if the plasma alone were concerned. It must be con¬ 
cluded, therefore, that the aaponin has no action in the artificial cdl 
except that which would lessen permeability of the plasma and 
increase that of a lipoidal layer and of the poroug outer wail. 

Attention was now turned to the more diFiatU task of interpret¬ 
ing the action of living and dried cell-masses in solntions which might 
theoretically affect the peripheral layerK The measurements of 
Kahho were taken from roots fully hydrated in distilled w-ater. 
Wlien such roots were placed in KQ at oj22Af an initial shrinkage 
of II per cent, ensued w'lthin a few minutes, to be followed by an 
expansion w^hich rained 4 per cent, of the shrunken length. 

The flat joints of Opimtia wTre chosen as the material for 
own tests, as tire composition and general behavior of these plants 
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has been a subject nf study at the Desert Laboratory for many ycitrs. 
Sections about i cin, square and having the thidcness of the joint 
10.5 mm. were [jlaced in various solutions at i4~iS C* and their 
changes in thickness recorded by the auxograph as below; 


SoiDlbm. lomsee. 

Water ..*>31 P=r In 20 hoars ioUowea oy sbrinBage of 

2 p^r (MHiL in lotlowmij 3H^ hours 
KO 001J/ per edit, Contmiious swelling for 50 hours 

KQ 0.0075^1^ per c^tkL 3!n 12 hours foUow'ed by shriiikage 0f 

Saponin 0.005^/ { per cent, in 40 hours 

Sapoain .oiJf .... s J ( per cent In 6 hours with shrinkage of 7 per 

cent in 44 hours 


Shrinkage In the two cases treated with saponin would have 
reduced the sections to original dimensions in a few hours more. 

It Is to be noted that Boas used 2.5 per cent, solutions of saponin 
In the treatment of the higher plants, which would be equivalent to 
about a OjOOJA/ solution. 

A test was made with slices cut longitudinally from the median 
portion of the joint consisting chiefly of large, thin-walled paren¬ 
chyma. The average thickness of the trios in the swelling dishes 
ranged from 3.5 tn 4 ram. and the increase was calculated on the 
nfig inn! mcaisuretncnts- 

The following increases were obtained: 


SnllLkm 

Water per cent. V^ery shiinkagu after ja hours 

Ka 0 . 00 jjU .per cent. Veri' slight shrinkage after jo hours 

KC 1 1 ....^percent. Decided shrinkage after 6 hours 

Saponin J whidi carried the pen hack near 

the base line in 40 hours 

Cane siisar r,I pcf 

Saponin O-OiAf .*,.....per ceuL 

SapDCim .0£P5.=1/ .....t 9 |MT cent. Decided slirinkage after 6 hours 

which t&rried the thickness back 
nearly to ihe original after 40 
hoars 


At tlw conclusion of the test as above the ones hydrated in water 
and in KG were put in a saponin solution at o.0O5jV/ with a sbnnk- 
agp, most rapid in the sections firat swelled in KCl, which reduced 
them ntairly to ihelt original dimensions. 

FHOC. A 41 ER. rtUL^ 50 C + TOL, UXI., 13 ^ 1 ^ 32 - 
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Another series of slices of Opunlia about 2.5 mm, in tbiidflicss 
were firsrt allowed lo hydrate in water for 6 hours, in which time an 
increase of 35 to 40 cent, was noted- The water in the dishes 
was now pipeited off and replaced with other solutions. Saponin 
o.tx)53/ and a mixture of saponin O-O05 and KCl o.oo^M resulted in 
a rapid shrinkag^e to about the original dimensions in 10 hours, KG 
0,0055/ had no effect on a trio of sections which quickly shrunk when 
the salt was replaced with saijonin 0,005.!/, 

ITie maxunum swelling of thin sections of dried nsaterial of 
Opuntm reached at a concentration of saponin betw^een 0,001 5 / 
and 0.005!/. Samples which swelled 150 per cent in water made 
an increase of 1S8 to 200 per cent, in such saponin solutions. Other 
samples which sw^elled 230 per cent, in w^ater showed increases of 
260 to 320 per cent, in sapemin at the above concentrations. The 
increase w'as practically identical with that of winter at 0,0002!/ and 
at OjOtM and stronger. The sections first dried and then hydrated 
as above showed no shrirkage at the end of 36 honrs^ even in die 
stronger solutions. The action seems to be one purely of imbibition 
of water by walls, mucilagts^ and lipoids^ It U not affected by KQ* 
The hydration of hving sections m saponin shows the effect of 
altered permeabilit}\ A series of thin slices of Imng tissue were 
hydrated in a graded series as below, and after lull expansion had 
been reached a neutral salt, NaQ, was added to increase perm^bility 
in some sections. The results are given below h 


SalLitiQD, 

Swd]iri)£- 1 

Time, 

Cawmeni* 



1 

o.ao5M 

Water. __ 

33 per cent. 

e hta- 

Replaced b>' ?JaCI 1 / fttid «h±iak;' 

age SCI in eadilir 

SaponiD 0.0435 If - H + . - 


15 min. 

Followed by mplil BbrEoliiaice 

Sapotiifl OLOOi-ir. 

: ^7 

4 hm. 

Followed by more cbHakttCe 

a.ooo 3 ^_ 

i" 

4 him. 

hy N’aCI wkb 

at inaLc l^ietiincdl with 
ttULt iu water 

SuponJi^ -,. 

34 


> by NaCE wlih 

Enadlttd ebrtiikage at same rate ae 
in aUive cud in water 


The initial swelling of the sections is met and canceled most 
quickly in the stronger sohitions, which increase the pertneahility of 
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the cdl and allow the escape of Us contents. Whether wsll and 
plasma are equally changed is not shown. It is important to note 
that such increased permeability results in the stronger solutions 
without the addition of a salt as in Boas’s experiments. 

Increase of the hydrogen-ion coneentration did not modify the 
artion of the saponin in the single series of tests carried out as 
shown below tn which thin slices of living tissue were hydrated. 


^UlEWn 

.SwcJJLng- 

.tier cent. 

Timc- 

2 hr& 

Sapcmin fS.DCPjM 1 
nao-flosj/ r ’ 

m .-»rr+++«9 

so 

S^vonin o.oo^Af 1 


to 

KCl < 1005 ^/ J 



The presence of the 

salt, however^ appeared to speed up 


process of imbibition and to hasten the shrinkage. 

Sections of living tissue such as the above show a swelling 
slightly less than that in water ivhen hydrated in add at PH 2^ due 
presumable to increased permeability. KUO at o.oiilf also gives a 
swelling slightly less than water, at PH t 2. Such a result would 
be much more complicated, as the hydroxide may affect lipoids as 
well as the proteins of the plasma. Sections which increase about 
yg per cent, in water swell only 31 per cent- in KHO o.aM. 67 per 
cent- at 0.05.W, and 70 per cent, at 0.01 A/, and the maximum lies near 
this concentration, a lessening swelling appearing m concentrations 
of 0.005A/. 

Dried sections hydrated in a series of conceiitratiom of HD 
which swelled 140 per cent, in water did not reach tlus figure in 
HD 0.0iiV. At ivcaker concentrations no graded scries of values 
was obtained, but increases of 255 to 300 per cent, were measured. 
Tlicsc reactions would be similar to hydration values of agar-gdatine 
btocolloids in which the pentosanic and the albuminous components 
were nearly equal in quantity. Similar sectiona which swelled iSg 
per cent, in water increased 200 per cent, in KHO at o.otjV, 350 per 
cent in a Q.ooqiV solution, 210 per cent, in a o.ooiA' solution, and 
gave the same value as water in KHQ at o.oOoaiV- These hydration 
reactions are also in consonance with the relative swellings m water 

315:9 
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and hydroxide of tidxtures of agiir and i^datine early evenly bal- 
ancecl.^^ Although the lipoidfi prescni: would be Jif^nefied ip the 
stronger soludous, the effect of thetr presence is not discernible in 
the action of the dried sections in w'bidi the perTneability of the wall 
itnd other layers has reached the maximum. 

The nuiPrerOus corTEctions and amendments to the plasmohlik 
method of estimating permeability and tonicity of cdl-conicnts arc 
suggestive of the complexity of the factors \vhich enter into the 
exchange between the cell and the medium. An average of sixty 
per cent, ol the osmotic pressure of the cell sap is due to dectrolytes- 
These with the non-elcctrolstes affect or determine the degree of 
hydration of the constituents of the plasma and the wal% upon which 
permeability depends directly. Such action is with but little refer- 
alee to the isotonic values of the substances concerned^ A knowl¬ 
edge of the prindpal features of the hydration reactions of the 
plasmatic constituents* and of the ccU-waJl tinder the influence of 
cell^ontefits and medium i& therefore fundamental to any compre¬ 
hension of the passage of material through the membranes of the 
plant. 

According to the recent work of Bartell and Sims* swelling or 
increa^^e by hydration may Ije the result of the action of several 
forces, Wliether their conclusion that a solution tending to exercise 
negative osmose increases hydratinn of the niemhrane, while condi¬ 
tions which shrink the membrane act positively is in agreetnent in 
all of its implications with those of Kahho as to penetration and 
hydration^ is not yet dear/* Some of the newly disclosed possihili- 
ties of the intervention of the lipoids are to be taken into account in 
any consideration of the passage of material into or out of the cell 
with resultant changes in volume which constitute the essential fea¬ 
tures of growth- 

ShfacDoui^al ^nd Spoehr, “ The Compoaents anil CDlloidsit Behavior of 
Plant Pralthplasm/ Pr&c. Am^r, PhU. Spr., 39. ISO-rjU ISria See pages 156. 
157 h 

^*Bartrtl, F. and Siaur h, B,, “The RelatirDp nf Anonmilpus Osmose tu 
the Swelting of Colloidal MateHal.'' /oitr. Am. Chrm^ S&c.,. 44. 389-2^ 

The DtSEiiT Ladohatorv, 

Carnvgte IssTrrvTtciii, 

Tucsox, AtiHjNA, April, 1921. 


THE SilALL ENTELODOXTS OF THE WHITE RI\^R 

OLIGOCENE. 


Invejtigatioci aided by a jgtant frcuB tiic Marab Fund of the Nationitl 
Academy of Sciences, 

By UTLLLAM J. SlNCLArit 
(i?triid April 

Centributors to the literature on the entelodonts or stMralled 
**giant pigs"' are in agreement m regarding the small animal with 
closely crowded lower preioolars (p^ excepted) from the Titano* 
theriuin beds of the Cj'press Hills, Saskatrhewan, generally known 
as * 4 rf/i£rofAc*r*iim fiiorctcrlnm Cope, not only as quite distinct specific 
cally^ but also as more primitive than the other American forms, Mr. 
Troxell in his recent paper even referring it to the European genus 
Unfclodon.^ 

The Princeton Kxpedition of 1921 was so fortunate as to secure 
from the Orcodon beds the skull and lower jaws of a small etitelodont 
with tinspaced low'er pnemolars (the first excepted) and reduced 
and a search through our own coRections and those of the American 
Museum of Natural History , kindly placed at niy disposal by Pro¬ 
fessor Osborn and Dr. hlatthew, has brought to light additional mate¬ 
rial which makes it desirable to vievr the situation somewhat differ¬ 
ently from that indicated above. 

'Fhe recently acquired Princeton specimen (Np. 12624, i 

2r 3 B, 4 A) was found by Mr. H, R. Wanless, to whom we are 
indebted for the discovery of so many fine entelodont skulls during 
the last two summers, and is from clays inlercaJatcd in the lower zone 
of ru5t>^ nodules tn the Lower Oreodon beds at Culberl^on^s^ locality 
on Bear Greek (Princeton collecting locality 1016E3A) about four 

I E. D. Cope, ^ Conttibtitioii* to Canadian FaLfiontologs'" Vol, UL, pp- 
JZD-21, Pb XI V\ Figs, 3. A, PEterson, Mfmairi Ctmu^^U AfKifum* 

VoL IV.* No. 3, pp. S 5 ^. ^ ^ Tmiccll, Ai^can Ja^mal 

tyf S^Unci, Vol Ep p, 24^, 

a Sec T. A. Culbertson's tUaiy under date of May 14 m Pdlb Aa- 
TiUiil Rept Smithsoniafi Inst, 93 ^ 
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and one hall miles northeast of Scenic, Pennington County. South 
Dakota, and about a mile south of where " 71 Table,'* tlie local name 
for a mesa-like area of high plain, ends. In this specimen all the 



B 

Fm. I. Archiothfntim morteni. No. 13634 Prineeuw Univcrsny Ge^ 
logie*l Museum. Left side of slightly distorted slcult, about one fifth the 
iiatursJ sUe; view not in absolute profile- Large i«c-variant with redne 
cuspidatfon in m* and crowded anleriirr lower prrmcilws. B- Areturothe- 
n'Kin mortoni. No. i^fOtt Princeton Universily Geological Mustum. l^ft 
side of unerusheil skall, about one fifth natural Stse; view in absolute profile. 
Small siae-variant with unreduced cuspidalion in tn". 

lower teeth except the last tw'o molars hnd fallen from the jaw 
previous to fossilization, but the alveoli of the check teeth are well 
preserved and in contact, with the exception of those for the two 
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roots oi p,. which are some 4 mm, removed from the canine alveolus 
and 14 mm. from the alveolus for the anterior root of p*. In the 
upper dentition, where there is no indication of prctnolar crowdii^. 
a verv decided simplification in the crown pattern of the third molar 
is found and a rednctioii in the size of the tooth as compared with 
other specimens in which a larger number of cusps are present. In 
the anterior row (Fig. 3 

slightly joined in front by a sharp saddle, with almost no protoconule 
(Fig* 3 F) or, in anotheT specimen, with a small development of this 
cusp (Fig- 3 *d). In the posterior row. the metacone is well de* 
veloped, there is a very small mctaconiile sometimes not completely 
differentiated from the former, and a heavy posterior cingulum, 
which terminates against the protowme without any suggestion of a 
hypoconc. The second Princeton specimen just referred to (No. 
12544) showing tills tvpe of third molar is also from the lower zone 



FiC. ^iOTtoni. No. 126*4 Princeton Unherslty 

cat Mufeum- Risiit rtmus of lower jaw from thi: outer side, about one fiUti 
natural sire. The anterior teetli arc indkatEd bj- dotted outlines to localize 
the liveolei. 


of rusK nodiilES of the Lower Oreodon beds, hut lacks the lower jaw. 
In the collection of the American Museum of Natural History a very 
small ^uU. No. 1481, from the Oreodon beds on Hat Creek, Nebraska, 
shows an extreme degree of crowding of the lower anterior premolars 
(c-p,, 4 to 5 mm.; p-p., 2 -S 3 mhi.; p=rP». 3 contact) 

associated irilh a type of m’ indistinguishable from tliat just de¬ 
scribed. In a partii skull without lower jaws in the same cnUcctiau. 
from the Middle Titanotheritim beds on Laiioe Creek, Wyoming, the 
third upper molar (Fig. 5). which here has a slight external cingulum, 
shows even greater reduction of the cuspidal.on m the posterior row 
where the posterior intermediate is absent and metatone and posterior 

dngliiliiii bl-end- 
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It is evident from the above that small forms with reduced m*^ in 
some of which the lower anterior premolars are closely crowded^ have 
a wide range both in space and titnc, and it will^ accordinglyi be 
advisable *to look into the mattef of their relationship with both 
Archtzath^rtum caarcft^ium and mortonL All of the specimens to 
which I have referred are perEectly typical Archtrothcrium, differing 
from Bntc{ad<^n in the triangular ctqwo. and notched anterior border 
of the fourth tipper premolar^ the spacing between the upper pre- 
molars anterior to p^ the abi^nce of greater width in the posterior 
part of the crown of and the presence of distinct para- and meta- 
conids in the lower molars, where preserved in association Avrth the 
skull. In \dew of the comparisons td follow it is a fair presumption 
that the Cypressi Hills form, from its resemblance to the South Da¬ 
kota and Nebraska skulls in the matter of crowded bw'er premolar 
dentition and other features, should properly be referred to 
iherium, rather than to Ent€lodan. 

A. cmmafinn is based on a left majidibular ramus with all the 
teeth except incisors and canine^ and the following characters are 
either specified by Cope or may be deduced from his figure/ Com¬ 
parison wrill be made with the newdy discovered material, with crowded 
lower premolar dentition, as we proceed. 

1. A. coarctaium differs from all other small entelodonts so far 
described in the absence of diastemata between the lower premolars^ 
except for a very short one between the first and second, resembling 
the liear Creek specimen in this respect, where the diastema is sonte- 
whal longer, due to the greater size of the individual and differing 
from the Hat Creek skull (No. 1481, Am. Mus.) in lacking the small 
inconstant spacing between p, and 

2. The first lower premolar is separated by a very^ short space 
from the E:anine, also true of these spedmens^ 

3. The third premolar is larger than the fourth and the first and 
second are abruptly smaller than either of the ntbers. was ctr- 
tainly the largest in the Bear Creek specitaen (Princeton 1:2624), with 
Pj not much shorter than judging from the extent of the empty 
alveoles. In the skull from Hat Creek the teeth have proportions 

a Loc. Hit, PI. XIV., Fiffs. 3. 30 . 
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comparable to those showD in Tig. 4 8 (see table of tueasurements) 
and are slender and compressed laterally . 

4. Pj is said to have a compressed laterally-gTOOved single root in 
A, ^oarctalum. There are aJveoU for two large roots in So, 12624 
(Fig. 4 A) and the small p^ of the Hat Creek specimen is double- 
roqted- 

5. The lower molars of A. coarctatum have the anterior tuhemles 
elevated above the posterior roTiv, The same is trtie in both the Bear 
Creek and Hat Creek specimens, but not more so than in sortie indi¬ 
viduals of tj^ical mortal. 

6. Heels in lower molars vrith three tnberdes, the third or poste¬ 
rior median of which is said to be better developed than in A, 
especially on the last molar. Copers figure shows the heel of nis to 
be as wide as the trigonid, with hypoconid and entoconid of the same 
size, while in m, it is narrower, with three large cusps, the h^^poconid 
and enEoconid of the same size and the hypoconiilid very large. In 
oiir Princeton specimen f rom Bear Creek the heels of both and m, 
are narrower than the trigonids, with the bjTpoconid the largest and 
most prominent of the bed cusps^ the other two being dtsHnet but 
much smaller (Fig. 4 -^d). In the Hat Creek specimen (No. 1481, 
Am. Mus.) the bed of m^ is less narrow transversely than in the 
Princeton specimen, but the hyiMKonid is still the largest cusp, as it is 
also in where the entoconid on the right side is somewhat larger 
than in the Princeton specimen and of about the same proportions as 
in it on the opposite side. 

7. No mtemal cingulum is present on the molars of A* caarctahtfn 
and the enamel is smooth. There are no internal cmgtila in the specd’^ 
men from Bear Creek and the enamel is smooth on the triturating 
surface of the crown and slightly rugose on the sides. In the Hat 
Credc specimen it is practically smooth. 

8. Anterior border of coronoid sloping backward* Notch between 
corcjtioid and condyle more deeply concave than in the Bear Creek 
specimen^ where the front edge of the coronoid rises vertically, as it 
docs also in No, 1481 from Hat Creek. 

9. Lower prcmolar crowns strongly compressed laterally, espe- 
dally the anterior ones. None are preserved wHth our No* 12624, 
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in Nq. 14B1P Am. Mits., they are as strongly compressed laterally as 
in Dur No^ (Flg^ 4 ^)p ^ typical A- mortoni as noted later. 

Certain tinassodated upper molars from the Cypress Hills locality 
are reierrM to ^oarriatum by Cope and Lambe.^ Of tbesCp the 
third molar, as figured by Lambe, lias three wellnleveloped and sub- 
equal cusps in the posterior row and strong external eingultiinp quite 
different from tbc less complex type oi cuspidation found in the 
specimens just described* Whether this specific reference is correct 



FiCv 3^ ^CfJic’orArrfsriB mortfyjtL Sericg of crown Ticwfl^ from eemeiii- 
porajy tanima U, of the third upper molar, one half the natural size* showing 
jonic of the TarratiDTis in cusp dcvtlopmcnL A and B are of the left side; 
the others are of the right side. C is drawn from a tooth pot fully eru^cd. 
the anterior dngtiltim heing still covered by bone, protcKODc; profco^ 

ctmiile; ^q. paracone; me, melacone^ ml, mctacatnile; postmor dngtdiiffl: 
fcy, hypoccne. 


tan not be detenuined until lower j^ws of unquestioned caarcfnfiffii 
type arc found in association with upper molars. 

Tbc skulls from Hal Credc and Bear Creek differ greatly in size 
(sec table of rneasuremenu) and the latter has been deformed aome- 
what by crushing, and bas^ unfortunately* lost the tip of the cheek 

+ L, M, Lainbe^ ** The Vcrtdjntti^ of the Otigoccne of the Cypress Hillip 
Siakatchewarip'* Upntfit^H^nj to CaHodiqji FQl^anfahgy, Vot TTI*^ Put ry.p 
p. 26, Pi. ILh Flgs- iDp 11, 1908. 
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flange and the dependent mandibitlar processes. The outward and 
backward slope of the cheek flange {Fig. I .^ 4 ) ts undoubtedly ac¬ 
centuated by crushing, but its width has not been increased thereby. 
Apart from its greater size, the part remaining is not essentially unlike 
that of the small skull in the American Museum coUecriou (Hat 
Creek specimen), which, in turn, except for the reduced tn*, can not 
be distinguished from our Mo. 12709 shown in Fig. i B and regarded 
as typical A, mortonii 

The type of A. coartiaiam lacks tire inferior mandibular border 
anterior to the " first ” (fourth) pronolar, consequently the shape of 
the dependent processes is unknown. Both processes are lost by 
decay in No. (Fig, 2), but were eHdently present. Fortu- 

natelVi they are wtU preseni'cd in the Hat Creek specimen (Am. 
Mus., No. 14B1), where they arc seen to be of tlie id. laorfowt type» 
made fam iliar by Peterson’s drawing.® 

Turning now to A. morioni, the type specimen, a fragment of the 
maxillary with p* and p* in place, figured by I,£idy on Plate IX,, 
Fig- 3 * " Ancient Fauna of Nebraska ” is manifestly inadequate from 
the modern point of view, but we must not forget that Lcidy was just 
as fully entitled to find Hi& own original type inadequate as any sub¬ 
sequent writer and, therefore, to redefine it in terms of other speci¬ 
mens. The young individual with milk and permanent dentition 
which he figures on Plates Vm. and IX. of the Anctent Fauna is, 
theretorc, an “ bcutotype," as this term is defined by Schuchert and 
Buckman.* On this specimen, 1 submit, the species Arclutothcrium 
MorfoRi is adequately founded. It is an individual with richly tuber- 
culated third upper molar, with three cusps in the front row and a 
large number of smalt tubercles in the posterior row among which the 
metacone, metaconule, hypoconc, posterior ctngulum and an additional 
cusp anterior to the metacone and metaconule may be made out, 
although by no means as distinctly as in Ftg. 3 E and F. There may 
be departures from this fully tuberculated type of m® in the develop¬ 
ment of the hypoenne which may he barely distinguishable from the 
posterior cingulmn (Fig. 3 0 ) =*"*1 ^ 

s Loc, cit, p 4 S. Fig. 4' 

I'Seirare, N. S, V0I. si, No. MS, ^ Sod IJOS- 
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E, F), and also a Tariation m the sbe of the metnamiile (F^- 3 
C-F), Lower jaws are associated with some of the skulls showing 
these tjpes of third molar and m tliem variations in the spacing of 
the anterior premolars and in the structure of the lower molar heels 


A B 





5ir7 4* 

Fic. 4_ martsni^ lower debtitioa of tlie riglit side crown 

riewp one half of the natnral siie Low'cr jnw af lar^c skull from Bear 
Cr«kf ahowibg iht empty alvimlcs ol die anterior teeth, aod oa^ alooe 
rafnalnJng in place. B, Lower dentition with welLjipaced prem-olars beloag^ 
rng with a small skull from Sand Greek, Nehraska. Botli spedmens tn the 
Princeton colfcctLOiL 
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may be noted. Princeton No, 11440 is a typical A, n^rtoni with a 
large hypoconc on widely spaced anterior tower prcmolars and a 
large hypoconulid and entoconid in the hetd of (Fig. 4 ^)' 
r4ft34 American Mii&enTo, from the Oreodon beds on Hat Creeks 
Nebraska, has the hypocone of m* intermediate in size between that 
shown in Fig. 3 D and 3 F, with the spacing between the lower pre- 
molars as folloivs! c-p,^ 5 to 7.5 mm.; pl-p2^ 11.5 to 13 mm.; Pa-pat 
3.5 to 4 mm.; pj-p*, 2 mm, to contact^ in contrast with e-p,, 6; 

91 Pj“Pip 3 - 5 i shown in Fig. 4 B. In this second Hat 

Creek specimen the heel oi 10^ is similar to that of our No. 13624 
{Fig. 4 A), except that the hypoconnlid is a broad ledge inst^d o£ 
being broken up into accessory^ cusps. In Peterson's figure^ the spac¬ 
ing of the lower prcmolars is as ahowm in oiir Fig. 4 B, the hj-pocone 
is small and but slightly differentiated from the posterior cingulum 
in m*t and the third lower molar has a heel similar to tltat shown in 
Fig- 4 except for the minor cuspidatton there seen. The longest 
gap in lower premolar sparing is ordinarily between pg and p^ as in 
Fig, 4 B, but in No. 14S3, American Museum, reference to the dimeu- 
sions just given will show- that it is between and p,, AH the 
ATudations in molar pattern shown in Fig. 3 are strictly contempora¬ 
neous. all the specimens being irom the Tower zone of rusty nodules 
of the lower Oreodon beds. Whether the development of cingnla, 
nigose enamel and accessory cuspides in the teeth of entdodonts 15 to 
any extent nutritionally controlled, as suggested by Nathusius^s'® oh- 
serv-ations on domesticated pigs, is difRcuk to determine, but may well 
be used with caution in establishing or defining species- 

We may next tum to the Bperimens in the Yale collection which 
Mr. Troxell has named A. chvus Aazms and A, da’pujr darbyL Mr. 
Peterson, in Ins monograph on DmahyHS^ has r^arded the first a 3 a 
subspecies of A. morioni, and I have elsewhere indicated my inability 
to distinguish between them and specimens in the Princeton collection 
referable to A. mononL The maleria! secured by our 1921 Expedi¬ 
tion rather increases the difficulty in that it presents additional tv'pes 

f Lot:, cit.. pp. 4^ 

»VoTTStudEert fur G€3chii:hte tmd ^nchr dcr Hauadiicre Zumechfit am 
Schwctncsbardel. H, too Naihtisjui, Bcrfin, 1S64. 

Lqc. riu P- 
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df molar paltcm and pr^flidlar spacing in association with akiill struc- 
tiires like those of Mr^ Troxdl’s f/niTij and which^ in turn* 

are not essentially urdike those of A. mortem. An cxainination of 
Mr. Troxell's text and Fig, 3^® will show that m* of A. dcn^ns daiw 
IS of much the same general which I have attempted to represent 
tn Fig, 3 Mr* Troxell describes it as follows: T£ie protocoue 
has a position midway fore and aft, and has encroached on the hypo- 
cone so that the latter is scarcely visihlc ; it is, in fact, smaller tlvm 
the mctaconule and is nothing more than a heel* condnudns with the 
h^-postyle- The metacone is also lower than the metaconulep which 
already shows a lake of denliite by reason of the wear*” In the in¬ 
ferior dendrion, in nig “ the h^pcicmiid is strongly developed; on the 
other handp the entocorud is weak. A distinct poatcrior heel may be 
seen. Mg is mtich like hl, except ttmt a very tnarked posterior heel 
and a less strong hypoconid are observed/" and these points are weU 
brought out in the drawings atcompanj-ing Mr. TroxeL's text. In 



Ful Sr fAorioid, No. 93.15 Amtricsdi Muscuol Right 

upper m* showuig an extreme degree nf cusp reductkin. One half the natur^ 
she. 

A. cluvtis datbyi to* is round or slightly oval, due to die strong lobes 
o£ the para- and hypocones. Tltere is a moderate dngnluin anterior 
only and no heel. The protocone is forward of the mid-hue. The 
hypoconc is strong*" In Fig* B of Mr. Troxell's paper^ where the 
lower teeth, with somewhat w'om crowns, are represented, there is a 
weak entoconid on \ no hypoconolid is shown on this tooth, while 
on idn there h a very large hypoconid and a posterior and internal 
ledge from which the remaining oisps do not seem well differendated. 
Perhaps this 15 what Mr. Troxell refers to when he writes of ^'thc 
absence of heel in mg" being an unusual feature which distinguishes 
it “ from the other specimens present." Neither of the Yale speci¬ 
mens possess unspaced lower premolars. 

In the presence of this melange of characters 1 am quite unable 
to separate species on the basis ol constant association of constant 
differences- Ceiiain characters, like the complication of crown pat- 
i® Lot dL, PP- 3 J& 4 r 365. 
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tem in ni^, may be regarded as progressive, but among contcmparaiy 
individiinls m the series the increments of chunge appear to fluctuate 
in an irregular vi-ay, certain cusps in less advanced teeth being very 
large, w-hile jn more ads^nced teeth they may be quite small (compare 
m"** Fig, 3 Cj E)^ Or small in some and large in otliers {jn\ Fig. 3 

F). Small bodily siae is not confined io individuals with less 
complex ni® or those with the anterior lower premolars unspacod^ and 
these are connected with the more richly cuspidated and fully spaced 
types by such a transitional form as No. 14S3, Am. Mus., where 
resembles Fig. 3 D, and there are ver>' short spaces betw'een the ante¬ 
rior lower premolars. So far as the assumed primitiveness of --J. 

is concerned^ every- one of its characters which might be 
regarded as primitive is possessed in some degree by specirdens which 
differ from it in other respects, as I have tried to shoiv, and we are 
faced by tn^o alternatives, either the naming of every variant, which 
results in making praf±icaJly every^ specimen a separate spedcs, for 
almost every one of them shows a new grouping of characters which 
appear somewhere else In a different association, or the referring of 
the tot to one speries for which the name A. has priority and 

which seems, as Dr. Matthew has suggested to me in another con¬ 
nection, to be made up of scvcra! interbreeding strains, diagraminati- 
cally a nttmber of anastomosing lines, which differ by various small 
unit characters or combinations tlicrcof, transtnJtted to the individual 
from the v^arious pure lines which enter into its ancestry'. Reference 
to the accompanying table of measurements will show a considerable 
range in size, but I am not able to correlate this* as already indicated^ 
with the 5tmctnral variations noted above. 

The situation with regard to these small entelodonts suggests that 
certain of the .structural differences which have been used for the 
separation of some of the larger forms wo\i1d be found to intergrade 
if we had lar'ger series of contemporary spedmens^ wbichj unfortu¬ 
nately, do not yet exist in museum collections. If the randusions 
reached above are well founded, it may be considered certam that 
jL m&rhmi ranges dowm into the Titanotherium bedsp^^ but neither it 

Fttersein tvEwi'rti a number tsf ikulK portiuni of skulls and tejeth in 
the Csim^e Museum, collected by himself and others from the TitaDolhcdnui 
bedfr of Nebraska and South Dakota and agreeing with A. mcriiyni ai fiEori:d 
by Leidy. PetersoTi, lot aU P- 47* 
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HYIL^CODONS FROM THE BIG BADLINDS OF SOUTH 

D.\KOTA. 


IjTTCscigatiDn aided by a grant from the Marsh Fund ol th^e 2 ^ati&na 3 
Academy of Sciences. 

By UlLLTAM J. SIKCLAIK. 

(i?rad ApriJ 

I>rrEODircriciK^ 

Studies in progress at Princeton on the MesQfuppus hatrdii- 
Oreodan culb^^risont zone of the White River Oligocene^ lypicaUy 
developed in the Big Badlands of South Dakota, have made necessary' 
an examination of specific characters in the genus Hyracodanj con* 
sideted as an index fossil, and also a review, in this connectiqn, of a 
recent paper qn the subject by Mr, TroxeJL’- 

The FotJft Si-Etirrc Tvpi^. 

Four distinct types can easily he recognized as follows: 

A. With the end of the protoloph curving round the end of the 
metaloph m p^ and completely fusing therewith in worn teethe iso¬ 
lating a central dq^masion. In^CT svd\l of tooth not deeply grooved. 
Anterior cross-crest in p^ present, hut may be small and little more 
prominent than the cmgulum. Fig, i, 

D. AVith the transverse valley of p^ blocked by a spur from the 
protoloph which abuts against the anterior wall of the metaloph. 
The latter cross-crest is longer than the former in unworn teeth, but 
tends to shorten up as the tooth w-eaxs- Inner wall of tooth deeply 
Indented; with anterior cross-crest present or absent Fig, 2, 
A-C. 

C Transverse valley of p* wdde open; p^ with anterior cross-cr^t 
small or absent. Fig. 3, 

D+ Transverse valley of both p* and wide open. Anterior 
cross^rrest in p^ of variable size. Pigs* 4, g. 

i*^Ncw Species of Hyrmcodpa," .dwwmVafi Jaurml af Sdenc^^ IL, July, 
igai, pp. 34-40, 

m 

PROC. AMBR, FUTL- SOC., VOI.. UCl, H, *UQ. 39 , 192 a. 
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I am unable to ^pamte these loitr groups on the basis of the 
lower dentition. For systematic and stratigrapliic purposes they may 
be conceived as species h although some might wish to term them sub¬ 
species. It wiU be noted that the distinctions between them are based 
primarily on structural differences in the upper posterior premolars 
which become increasingly molarifoniL the change beginning with 
the fctirth and working foiward, a situation occurring in many mam- 
malian groups and aJivays regarded as indicatiTie of progressive evo¬ 
lution- No intcriuediute stages between these four types of structure 
in p* have been observed and, in the absence ot blending, they are 
probably to he regarded as distinct spedes, on tlie basis of constant 
association of constant differences. Whether these slight differences 
in dental structure were accompanied by sexual antipathy between 
the various types is^ of course, outside the realm both of palaeontology' 
and available data. It is possible that tbe four types w'ere derived 
from each other in the order mentioned, ancestor and descendant 
continuing to exist contemporaneously for a time (see table showing 
vertical range). Other assumptions are equally possible. 

In groups E and C there Is a sequence of size variattons, inter- 
grading by small increments, so that size must be ruled out for pur¬ 
poses of specific discTEininalton unless we are content to change the 
name every few millimeters. 

Nomenclature and Svnon^'my. 

In specific nomenclature there exists some confusion which, I 
believe, can now be eliminated. There can be no question that tbe 
tooth structiiTe dcscribefi in A and illustrated in Fig, r is identical 



Fit;, L Hyra£:i}di}n an^td^ni, Nd. 1Z518 Princeton Univertitj Gcologital 
Mui«?uTTi, Us3pcr prctnolar-molar scries nf tlie left side, crown view, three 
fourths the natural site# 
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with lliat shdWTi in a &peciinen itom thi^ Titanotherium beds at Bone 
Cniilet, Cypress HilJs, Saskatchewan, and designated hy Laiobe^ 
Hyracodan pnscidms. Cope's® brief cliaracterkatiiHi of Hyra^odan 
iiiakes it evident that he had before him a specimen showing 
the same features as does our No, 1^518 (Fig^ i) from the zone of 
rusty nodules^ forty feet^ more or less^ above the base of the Oreodon 
beds in Indian Creeks Pennington County* South Dakota^ Similarly^ 
TroxelFs Hyrajiodon arcidens ffiuniij^ from the Oligoccne at Dead- 
wood, South Dakota, and Ids Hyracodon sdenidm^ from tlie Middle 
OligoceuE gf Colorado are size variants within the same stnictuml 
range. Copers Hymeodon artidens must take priority. The holo- 
type of this species seems to he misplaced^ as the specimen so recog¬ 
nized by the American Museum (No. 6309, Am. Mus. Nat. Hist.) 
and figured as the holotype in the Cope plates® does not agree with 
Cope's description of the specitnen on ivhicb his species was based. 
The so-called lioloty'pe. from the Cedar Creek beds (Oreodon zone) 
of Logan County* Coloradon is an old iudi^dduid with the crown pat¬ 
terns of the preTiiolars obliterated by wear and is practically indeter¬ 
minate specifically Hyracodofi priscidens Lambe* H. ^ircjdeni rfiiinuj^ 
Troxell and H. sd€nidi‘m Troxdl take precedence in the order given. 

The VTirious specimens of w^hat wt may now speak of as Hym^ 
aadon ftrddens, when arranged in order of size, are seen to intergrade 
by sinaJI increments as follows t 

Cope’s type .^.x...,-..|irnnoTHr scries, length ya ntm.^ 

Princelon Gcol. r.,*,prtrnolBr seriea, lengtli yi.5 

PrLncelpn Gcol, Mus. No. 125J8 + + .premolar series, Icttgth 67 

H. srciSettJ mimux^ Yale P, M. No. 11174 - .prcmolar scries, length 67' 

Lambe's type of Hr priscidens . ,.^,«.^..,prcTncibir scries, Irnifth ST* 

Hr leUmdeni^ Yale P. M. No, 11173 .**.prpmolar series, teriprth S 7 * 

*L. M, Lambed Trons^ Hityd Soriety ff/ second series, 1905-6, 

Vol. XT., Secticzn IV,* pp- 37-4^1 Piate L issued August, I905. 

" E. D. Cope* Faljcointolnirlc^i Built-in No, 15, p. 2, issued Augusi 
1873. 

*E, L Trosell, tflz, p, 36, 

■ Ibid., p, 37. 

• Hitherto Unpubtbhed Pkte& of XcTliary Mamnialia atid Permian Ver¬ 
tebrate- T 7 - S. G. S. and Mui. Nat, HiiK, 1915* PJatc CTI. T ain told 
that this specimen was niarlced su iJip type on Cope's labc[ which accompatiied 
it 
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Th«re are comparatEvdy few specimens available of this species. 
Additiotial ones would undoubtedly afford a larger series of vari¬ 
ants and dose soine of the gaps, hut even those listed above are suffi- 
d(fnt to show mtergradations by les^ Oian ten per cent, in some cases 


y£S63, 


mss, s SI4 


Feo^ 2. luajclmuaiH B, interinediate and minimum size of 

H^TSf^edifn Upi^r pt^ohr-^molar lerki of the left ^ide iu 

crown Yiirw% three focrthB the uatnrHL she, Spedmeo^ No^ 125$!, lafifl/, 
112662 Princeton Univeraity GeoloEical Musetun. 


^ Measurements ^cn hy Cope in typic deBeripdotu 
^ MeaBurements given by TtojccH, Ioc, dtr^ 

^ Scaled ftaoi Lambe^s nataral sijre^ fignTCp be. cit, Plate L HLs table 
.SuTCTnenta in the text (p. 40) gives 63 inrn. for this dime^siori. If this 
correct there arc inti^rgradations of kss than lo per cent, tbrougbout in 
variation series li&ted above. 
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and a little under twenty per cent, in others.® In view of similarp but 
more complete^ series of intermediates to he discussed in the para¬ 
graphs tfi follow^ I feel that we are here dealing with Individual ’^'art- 
ations and rccogtike but one species possessing the chatacEers de^ 
scrihed under A and shown in Fig. i, which, I suggest, we agree to 
call Hyra^i>don arcidens Cope. 

Turning now to the tooth stniL'ture described under 15 and shown 
in Fig. 2 A^C, to specimens showing which I beheve Leidy's name 
Hym^odon nebra^cenjis is applicablei it Is quite true, as M r. Troxell 
points oulp that the original deacription wiis without figures (many 
of them were at that date), and iliat the drawings accompanying 
Leidy^a memoir on The Ancient Fauna o£ NehrEiska " show* as Mr. 
Troxell observes, widely diversified group.” While Dr, Leidy 
did not always designate his early types in siihscquent puhlications 
dealing with them, he frequently figured them there carefuHy, and, in 
this particular case, his relercoce to the type spethuen is guffidently 
detailed to make its identificration from the figures practically certain, 
as will appear from the lol lowing consideratiatis : 

^Tr. J. W- Gidiey has kindly placed at my disposal a so-called 
"^ty^pe*' of Hymeodon nehrasi^sis preserved in the United States 
rsational Museum (Ho, of their vertebrate pals^ntological coF 
leclion). This is the specimen figured on Plate XILJ^ Fig. 6^ of 
Leidy's '^Description of the Itemains of Extinct Mammalia and 
Cliclonia” from D. D. Oweti^s ^'Report of a Geological Survey of 
WisconsiUp Iowa and Minnesota; and incidentally of a Portion of 
Nehmska Territory'/^ PliLIndelphiiu 1852. Comparison of the sped- 
men with Fig, f3 of Plate XIV., Ancient Fauna/^ will show ihat it 
IS tlie same as the one there figured, for the artist has faithfully ren^ 
dered certain minor hreak.s in the teeth which make idcrUification 
unquestlonablep hut the drawing, as reproduded^ is a little smaller 
than the natural size. In the first fii the publicarions }ust referred 
to, Leidy states that " this species first established upon the ante¬ 
rior portion of a skull and lower jaw, containing all the molar teeth 
of an old individual belonging to the collectiou of the Smithsonian 
luBtitution."^ He then goes on to mention two specimens in Dr, 
Oivtm'a collections (which are again referred to in the t^t of the 
Ancient Fauna,^* p, 80 ) p " a head of the same species, of a very old 
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LfidividuaJ; with the upper part of the wliole lenj^h broken awa3^” 
which contains all the molars nearly f>erfect/' ’vi-itli "the crowns 
worn nearl)^ to the edge of the alveaU/' and “ also in the same collec¬ 
tion a face very nnicli miitnated, except the forehead, of an mdividiiaj 
which had just reached adult a|^e ” and which ** contains all the molai's 
nearly pertect, the last one about two thirds protnided.” This sec¬ 
ond-men tioned speeJmen is the so-called ’** beyond the per- 

adventure of a doubt, tor it shows all the features enumerated by 
Lcid}^ and has been hjjured by him, as 1 have mdseated, and as he 
states himself, in Fig. 13. Plate XIV., "Ancient Fauna."Tlie 
very old individual with the top of the head gone is, also according 
to Leidy's own statement, the original of Plate XV., Figs, i and 
** Ancient Fauna." On pages E6 and 87 of this memoir a list of 
all specimens of Hymrodon known up to the date of acceptance of 
the memoir (December, 1852) is given. Omitting all the references 
to fragments which, manifestly^ have no connection with our endeavor 
to identify the ty^pe. and passing over the descriptions of the Invo 
Owen specimens, which appears in substantially the same words as 
have been quoted above^ we find at the head of the list mention made 
ot " the anterior portion of a skull, accompanied by the lower jaw% of 
an adult individual. The former has the forehead, orbital entrance* 
and molar teeth W'cll preserved, but the face is very much broken and 
its nasal jsart is displaced. Tlie lower javi^ contains all the molars in 
perfect condition, hut it has lost Its rami and the syiiipliysis." These 
parts are figured on Plate XIY., Figs. 1—3, and on Plate XY., Fig. 3, 
of the "Ancient Fauna” and are snid to he from Captain Stewart 
Van \Tiet's collection. Nothing ts said about the type in the Smith¬ 
sonian Iitstitntion which he had previously described in similar phrase, 
speaking of it as an old individual, which a glance at the plates will 
show the Van Vliet specimen to he. T Jo not regard this as an over¬ 
sight, hut believe that I-eidy had in mind one and the same specimen, 
wdiicli might very w^cll have come from Captain Van Vliet'ii collection 
and 3'et belong to the Smitlisonian Institutton.*^ Leidy^s figure shows 
.Aiicknt Fauna," page 86, third line from foot of pagi?. 

Sec liagc S7, second lint 

Mr. Gidky b imable to supply ^ny mforniadon rt-gurdinFf tbc present 
location of this specimen. No. 138 of the Natinual Moicum rollcrctioTi, ac- 
cordlng: to Mr, Gidky^ k recorded in rhe old catalogue as having twen col¬ 
lected tiy Dr. John Evans. 
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an individual with wtll-wom imh, but with a posterior prcmoUr of 
the blchcked-valley typ^^ with deeply g^rnnvcal inner tooth wall as 
dedned under and of a size practically identical with No, 126S7 
(Fig. 2 5 ) of the Princeton collection, 1 + there tore, suhmit that 
Leidy^s Ilyracadon nrhmsccnsis^ in this limited sense, U entirely 
applicable to lliat sequence of individuals within the genus which lias 
the transverst valley of p* blocked in the manner indicated, and that 
no adequate grounds exi:st+ or liavc existed^ for discarding the name. 
Figures 4-8, Plate XIV„ of the "Ancient Fauna" seem to represent 
unworn examples uf the same type- 

As in the preceding species, a series of individual variants can be 
made out, intergrading by increments of not more than four milU- 
metets between extremes in the length of the molar series^ here taken 
as the basis for comparison, because present completely in all the 


specimens studied for dimensions, 
lection only is used as folloivs: 

Material from the Princeton 

No. 12662, molar series, 

kagtli s 7 

No. T26S7, molQ.r scriti, 

Icnutli 6t 

No, 1266^, TTiular smes^ 

len^fth 61 

Np. 12666^ malar series. 

tength 6s 

No. molar &eries. 

lengtli 67.3 

No, 13563, molar series, 

length 71 

No. molar series,, 

length 72 


Of thesep the first five are coiiteniporary and from a sbc-iuch siode 
of rust}' nodules about sixty' feet (sometimes less) above the top of a 
similiir zone affording No. 12563, wluch, In him, lies some forty feet, 
mure or less, above the base of the Oreodon beds and constitutes the 
lower zone of rusty nodules of our Piinectou field nqmcnctature, 
while the other may he designated as the upper rusty nodular zone 
uf the TvOW'er Oreodon beds. No. 10723, on the other handp is from 
well up in the Prot-ocera.s-Leptauchenia beds of the Upper Oligocene 
and is but a trifle larger titan its I^wer Oreodon beds predecessor* 
The specStnim mimhered latfc (Fig, C) is as small as Mr, 
Troxelfs f/, winch I regard as an indi vidua! variant of 

Ih arcidmSr as already indicated, for exactly the same reasons w^hich 
induct me to place this small specimen of H, tu^bnisceftm as a ter¬ 
minal size variant in the nebras^ceiisis jseries- Each conforms to its 
own structural type, hut intergrades by small-size increments with 
the largest specimens referable thereto. 


BIG BADLANDS OF SOUTH DAKOTA. 


73 



1:^05, X 3U 

Fic. 2- Aj naMtsmutii Md By miniiniici size variants di HynK’odon ot'fTtui 
sp. noY., o€ whitk Ka, io8o^ 15 the tyjK^ Upper premolir-maTar seriK of the 
left lidc in croYfH three lourths the TiratnrflJ siee. No. luSoj, 1271^5 

Princeton University Geolnsicji] kfuseLtin. 

‘For Uit species described as C we are without a name and I pto* 
pose that it lie known as Hymeodoa af>ifrHts sp, nov^ with refereiwrc 
to the wide-open xtilley of p* as described under C above, designating 
as tj^pe a skull with right ramus of the lower jaw. No. 10803, 
ton University Geological Museum, collected by Mr, J, B, liatchcr in 
i8y3 from a zone of brown nodules above the Protoceras sandstones 
in Corral Draw, Suutli Dakota. A crown view of the prcmolar- 
molar series is given in Fig. 3 A. HegTettable as ihc proposbg of 
additional specific names may be, it is unavoidable in this instance in 
order to designate a form already adequately figured hy Leidy in 
Fig. 13 on Plate XIV,, " Andent Fauna,” hut grouped by him with 
wc^riWfCJiJiV, from ivhkh, however, the absence of blocking in the 
valley of p* easily separates it.'* To this species lielongs the mounted 

« Lcinff-Cfliuinuctt wear would, imdoDhtcdly, ijolate 1 ccntiaj depressicn 
aa shown m Leidyb figure of nftnjjfcnjtj ("Andent Fauna," PL XV., Fiff, 
3) or in Fia. 3 C. At mrrwpondInK stages of wear, however, p* is unblcicked 
in a^erta-i and completely btotked in nftrajrenjtr (compare Figs. lA and 3,^). 
The derdoptnent of a transverse spur from the protoloph would convert p * 
of dperlHj Into a tooth of the nr&nifeeitji! type: its toss in ntbrartrtntis would 
result in the structure found in aperitts. 
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skcTirton in dre Priocetoo University Geological Museum {'Nos. 11414, 
11415, Fig. 8) motiographed some years ago by Professor Scottaa 
Hyrscodon nebrasamshr 

Here also a series 0! individual variants may be arrangedp using 
the length of the molar series as our basis for comparison: 

Princeton GcoL ■... + . + i + i - . .molar series, I^gth 59 

Princeon GeaL Mus. No- 1^702 . .moljir lenglb 64 

Princeton GeoU Moj. No. IT4I4 + , + . + .molar fierie!i« length ^ 

U. S. National Mus. No. 13S-- .molar acriei, leoEtli 65 

Prmeelon Geol. Mus. No. ioSo(3 molar series, length 72.5 

The horizon of Leidy^s specimen is unknown. Of tlic others. 
No. 12705 itom the lower zone of niBt>' nodules of the Oreodon 
beds^ No* 12702 from the upper nodular zone of the same, No. 11414 
from the Upper Orcodon beds, and No. io8o3p the type from the 
Protoceras-Leptauchenia beds of the Upper Oligocene. Once more 
I am convinced that these are only Individual \iiriattonSp and that, 
while there is a gap of a little over ten per cent, between the last two 
membera of the serieSp additional specimens, when available, will 
close it 



Fig, 4_ Hyraci^don ifidymui. No. roSoz PrxncEtDn UniveTsity Ge^lotgical 
Museum. Upper premolar-malar sertei uf the ]ch gidcp crown view, three 
fourths the naturat djee. The tip of m * appears fust above the gum and h 
not shown In the drikwiEg. 

To the fourth sptdeSp described under Dp Mr. Troxell's name, 
Hyrarodon Mdyamis, &eenis entirely applicable. In Fig. 4 is shown 
the upper premolar-molar series of an incomplete skull and low^er 
jaw3. No* loSo2 of the Princeton colleclionp from the rusty nodular 
layer above the Protoceras sandstones in Cairal Draw, in which the 

3 *W. B. Scott. “Die Osteolo^k vun H>'r^cadon Lcid>V Fistschrift fUr 
Carl Gagrtftaur, Leipzig, iBpdv pp. 353-2S4, Three plates. 

In Fig. 13,^ PL XIV.p " .AiiriciiL Fatmn,^" diii dimenEbfl is 62 mm.p show¬ 
ing ihat the figure is not <iuue natqriU iitc. 
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thifci iTiolar is just app&aiin^ above the fum. I n Fig* 5 a ver^p^ much 
older indnidiial {No- 10144, Friticeton University Geolugical Mu- 
aetim) is seen, in which the open valley is retained In both the third 
and fourth premolars, both of which are wcU wortip as are also tlie 
anterior molars. The third molar is fully erupted and partly worn- 
Both these specimens arc fractured in such a way as to show the 
absence of germs of rq^bcemcdt teeth above tbe posterior premolats 
and I can not escape tbe conclusion that we are here dealing with per- 



Fic, 5. /ifirfyonuj, Na. 10144 Princeton Univeraity Geoioilical 

MtEseum. Upper pretuolar-molar seric.s fram pMn* of ihe right side, crown 
vi^w.. three fanrths the natnfal dee. 

manenl teeth. In Ilyra’Ci^dm the milk dentition is more advanced in 
crowm-pattem development than arc the permanent pretnolars^ even 
miTk having an unblocked transverse valley (Figs, 6 ^ 7)^ These 
molarifortn milk teeth have low'cr crowns and thinner enamel than 
their successors, and in p* there is a prominent sxyit from the cingu^ 
lum at the entrance of the transverse valleys Mr. GidJey has called 
my attention to certain specimens in his charge in which no germ 
tcctli of the replacement series apjjear beneath the milk premolars 
and suggests that they “ were very late in formings hut when started 
grew' very rapidly to replace the milk dentition which seems some¬ 
times to have persisted until all the true raokirs have come into usc,^' 



Fig. e, Hyrarsden ap,, Nn. 1367^^ Princutort University Gcolcigical Mti- • 
Milk dentEtion and ijnd = of the left side, crown view, three 
fourths ihv natural she- M " had gernimated but is ngt preserved with the 
other teetl]. Gcnni of the Teplaoement series appear in the maKillaiy above 
the first and third milk premolari. 


t* PerEoual letter. 
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This is probable, as sho^n by our No, 12679, T not fed justi¬ 
fied in reg^ding the weLI-’^arn pttinDlars of our No. 10144 as per- 
aistent mtlk teeth and so have accepted without question Mr. Troxell's 
species.^^ Some doubt seems to exist about the stratigraphic position 
of his type specimen which is stated to be from the Middle or Lower 
Oligocene, Crow Buttes^ South Dakota^ The first-irteoLioned Prince¬ 
ton specimen occupies the stradgraphic position which might be ex¬ 
pected for such au advanced form^ whidi^ so as anyone can say 
at presefit^ may range into lower beds and even occur fn the Lower 
Oligoccfie, a quesEion which can be settled only by Further collecting. 
The second Princeton specimen obtained by the Expedition of 
18& and is from the Wlute River OJigi^ene of South Dakota, occur¬ 
ring in a matrix resembling that of the Lcptaucbcnk beds, but no 
further information if3 available regarding its stratigraphic position 
As there are hut three specimens of Hyracodon liridymtis so far 
available, which agree closely in dimensions, no series of size variants 
can be recognized. 



Fig, 7 Hyra^ifdon sp. No, ^ Uniied Srates JJat^onal Mu^euni, Firai 
to third mdk premokjs Df the Hfiht aide, crpwn viVw, three foartJis the natu¬ 
ral size. No germs of the repbeement sciiei hnvc formed above these teeth 

Of the other species discussed by Mr. TroxcU, “ Hytacodon" 
p!(nikcps^^ appears among the rhinocerolicke i[i Dr. Matthew^a faunal 

The milk dentition ^uwn In Fig, & has the crown-pattems oi the pr e- 
ttiobro more obliterated by wear than b and the cedts of the^e teeth are 
farther below Ci-f-, ventral to) the alveolar border tkan li true of the first 
molar, showing that th«v were erepted and \a use hr fore the appearance of 
that tooth. In Nos. loSm aitd 10144 4 i^d 5). the first molar U 

abir^cd ID a greater degree than the two precedinj^ pretnolars and the tietka 
of the tooth crowns are approximatciy on the same level, dernonstrating that 
tbe^ prrmolars appeared after the cmiition of m ^ and are of the reptacement 
series. Mr+ Troxell^ drawmg of ftidyanuj sisows m 1 more extensivdy 
abraded than the premotars, so that their character permanent teeth is fully 
established. Dr. Matthew kindly called my attention to these crlteria- 
^nV\ B, Matthew. “Cenozoie Mammal Morieons of Western North 
America,” Bulkcin 361, U. Si G. S„ in collaharatioti with Professor OshoniH 
p. 105, ipo^r. 
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lists published as far back as igog. Hynurodon major^ if properly 
referable to the genus, h specifically indeterminate and should be 
abandoned. The type consists of some skeletal elements in the 
Princeton collection^ No. loctoip of unknown stratigraphic position 
other than that they are from the Whkite River Oligocene of Dakota^ 
and may be a little laj]ger tlian the cor responding; skeletal parts of the 
largest individuals of certain of the species here recognized. It is 
possible that still larger individuals of these existed than have so far 
appeared in the collections^ but the diagnostic cliaracters for their 
specific determination must depend, in any event, on the upper pre- 
molars and not on the skeleton. 

This completes a survey of the nofnenclature and synonymy of 
the genus to date. 

Range im Time. 

The following table shows the range of spcdcs in time and in¬ 
cludes several spccimeiis frniu the Amencan Jilusemii coIIectsoUp not 
referred to in the te.'?t, kindly placed at my disposal by Professor 
Osborn and Eh:. Matthew* It will be seen at once that each one of 
the four species recognized is not confined to a deRnite zone, hut 
overlaps widely, in turn, on the time limits of the next and more 
adiranced t^pe. If Mr. Troxell is correct in placing H. leldYinms as 
low as the Titanotheriuin beds, it may well be that the divergence of 
all four species took place there, or even earlier, before the appearance 
of Hyracodan in the North American non-inarine Oligocene of the 
plains region, to which it is, so far, narrowly confined and of which 
it is an excellent index fossil. For zonal purposes the species are of 
little value, as they range through a considerable thickness of beds, 
and tlie same is also true of the size variantSH 

In this table the h^vy black lines show the position of the low^er 
and upper zones of rusty nodules in the Lower Oreodon beds, both 
of which are properly included in the Mrsohippus l*dtrdii-Oreado!i 
culbrrt^am zone^ the upper and lower limits of which have not yet 
been established* The specimens discussed in the table are from the 
following localities: 

Nyracodon arcidem Cope* 

8S07 Am. Mus. Nat. Hist. Qteodon beds, probably upper 
according to Dr. Matthew, Logan Co., Colorado. 
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12518 Princeton. Lower zone "of nisty nodules. Lower Ore- 
odon beds, Indian Ctcck, PeimingtoTi Co., South Da¬ 
kota. 

Lambe^s type of H. prisdden^. Titaaotherium beds. Bone 
Coulee, Cj'press Hills, xAssmiboia. 

Hyracodon rtthr^Lso'tids Leidy. 

10723 Princeton. Browii nqdular layer above upper sand¬ 
stones of Protoceras beds^ Corral Draw, South Dakota, 

12662 Princeton. Fifteen feet below upper zone of rusty 
uodides. Lower Oreodon beds. Corral Draw, South 
Dakota. 

12666, 12687, T268Sp 12680 Prinoetofi- Upper zone oE rusty 
nodules, Lower Oreodon beds, Quinn Draw,^ South 
Dakota^ 

12563 Princeton. Lower zone of rusty nudules, east part of 
Indian Creek basin, Pennin^on Co,, South Dakota. 

Hyracodon apertus sp. oov. 

10803 Princeton, Brown nodules above the Protoceras sand- 
stoue. Corral Draw^ South Dakota. 

10978 Princeton. Upper Oreodon beds, Quinn Draw, South 
Dakota. 

11414 Princeton. Upper Oreodon beds. South Dakota. 

12702 Princeton. Upper zone of rusty nodules^ l^wer Oreo¬ 
don beds, Quinn Draw, South Dakota. 

12705 Princeton. Lower zone of rusty nodules. Lower Oreo¬ 
don beds. Corral Draw* South Dakota. 

Hyracodon Ifidyanus Troxell. 

10S02 Princetou. Browu nodtile layer above Protoceras sand- 
Htoues, Corral Draw, South Dakota. 


Pwf^CEnoN Univzrsitv* 
PaixcETPS** N. J. 


THE USE OF DEVICES FOR INDICATING VOWEL 
LENGTH IN LATIN. 

By JOHN C ROLFE. Ph.D. 
iErad AfirS JO, jjpjj.) 

The Latin language, like some others, passed through ^-arious 
stages as regards pronunciation and accent. Before the days of 
Livius Andronicus, as is shown by sundry weH-'Irnown linguistic phe^ 
nomena, there was a stress accent on the initial sylkhte of every word, 
accompanied in the longer words by a secoridar},- accent. In a few 
instances this early accent has left traces in the literature of the ante- 
classical period; for example, in the versification of Plautus. In 
genera], however, it had given place to cme which fell on the penult 
Or the antepenuit, very rarely and for special reasons on the last sylla¬ 
ble. The position of this new accent conformed to a simple rule, 
falling on the penult if tliat syllabic was long; otherwise on the ante- 
penult. At about the same time greater importance was given to the 
quantity of vowels and syllables, not only those whose quantity deter¬ 
mined the accent, but throughout all words. This careful observance 
of quantity seems to have been due to Grcdc influence, which made 
itself felt first in Roman versification and then in the speech of 
educated Rumaus. 

It is well known that the meters used by the Roman poets, except 
for the occasional survival of the native Saturnian, were borrowed or 
adapted from those of the Greeks, who based tlieir metrical schemes 
upon quantity. A dactyl, for instauce, consisted of 3 long syllable 
followed by two shorts; not, as in English, of a stressed syllable fol¬ 
lowed by two without stress. That Latin verse, for some centuries 
after the time of Livius Andronicus, wm based upon quantity is uni¬ 
versally recc^ized. It is aLso believed by most scholars, whatever 
their actual practice may be, that there was no “ictus" in the form 
of a strong stress on the first syllable, for example, of a dactyl or 
spondee, as in English and as in Latin poetry as it was formerly read, 
or “scanned,” by the English-speaking races. Some scholars, promt- 
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nent among wliom was the iate Professor Bennett, of Cornell Uni- 
Tfersily, have maintatnetl^ that there was no ictus at all, its place being 
taken by wliat Bennett called “quantitative predominance/^ Of 
those who believe in the e.xistence of an ictus—and they ate at present 
in the niajority—some think that both ictus and accent consisted of 
a very slight stress; that in verse the ictus took the place of the 
accent, which was disregarded in the reading of poetry. Others be¬ 
lieve that, owing to the adoption of Greek bterary models and Greek 
verse formSj educated Romans of the period from about lOO B.C. to 
jpo A.D, used the Greek musical or pitch accent. Since the ictus, if 
it existed, was unquestionably stress; this view also disposes of the 
“ conflicts ” between accent and ictus. It may he said in patssing that 
the only strong argument which has been advanced against Professor 
Bennett's view is the statement, based upon eJiperiments in the psy¬ 
chological Jaboratpries, tliat rhythm without ictus is an impossibility. 
This statement Professor Bennett, in an unpublished paper to which 
1 have had access.* questions on the ground that the experiments were 
made upon subjects of Teutonic race, to whom a stress accent was 
familiar and a pronunciation without stress was unnatural. 

For many scholars the question of the nature of the classical 
Latin accent was settled by Professnr Abbott's paper on “ The Accent 
in Vulgar and Formal Latin,” » in which he maintained that while the 
accent of the common people continued to be one of stress, the edu¬ 
cated Romans developed an accent in which pitch predominated. 
This view, which at first seems startling, if not improbable, is reason¬ 
able enough when we consider the extent to whidi Roman literature 
was based upon Greek, as well as the fact that to Romans of good 
cdncatioTi Greek was a second lajiguage, which was almost as familiar 
a.'i the veniaailar. Tims the emperor Claudius said to a foreigner 
who spoke both Greek and Latin: "eiim utroque sermone nostro sis 

^ See Beunett m Jnur. of PhU., XIX., pp, 361 fl. and XXn 413 

This ysew was expressed hj Madvig, in hh Latin Grannnar of 1847, and it h 
sufiported by Joho WElliams White In his work on The of Greek 

Comihdy, p. 9, and hy others. 

= “ Theory and Pi^Ertice in ihfl Reading of Oassical An abstract 

qppearfl m 0 / /Vnnfl. XX., t (Oct. t, pp, 3162 (f. 

" daiiitii! II.^ pp. 444 ff. 

PltCM;. Aaibhi. pnit- 50C-, VOT., LXI, F, AUG, igja. 
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paratiis.'"* The theory Is also gu^en strong support by the drcum- 
stance that both quantitaLtiYc poctn^ and pitdi accent by 40O A.D- 
were giving place to the native stress and to aecenhid poetry. For 
the detailed evidence I may refer to Alibott^s paper and to one by 
Professor R. G. Kent m the Transactions of t!tt American P^h 7 oJ£>^j- 
cal Association^ LI., pp, ig ff.* 

This theory of the nature and history of the Latin accent makes 
die metricaJ reading of Latin poetry^ if not less ddRaiJtp at least more 
rational and, it is to be hoped, more uniform. It also makes possible 
the Careful obsen’ance of the quantity of all long Syllables, which 
would be difhailt, and probably impossible, in such words as 
batnr and dcsfdcrabutur^ if the accent were one of stress. Careful 
obsert-ance of quantity did not, of course, imply an abnormally slow 
delivery or a uni form length for every tong syllable. ChcEroboscu 5 + 
a writer on Greek metrical theory, designates five degrees of length in 
syUahles, and modem phoneticians recognize at least as many. 

It is Ttalural to infer, as certain linguistic phenomena indicatCi that 
the comrtion people as a vrholc did not adopt the fashionable pitch 
accent; hut it was probably not without influence upon the speech of 
those who came most closely in contact with the tipper classes or liad 
social ambition.'?. Furthermore, the Gre^s at Rome were not only 
the teachers of the children of the upper classes, but they filled many 
humbler positions and therefore were likely to influence all classes of 
society. Thus Jnvenal writes: 

Quem vis honiEneni secuen atuilit jid uos; 

Gretnaticus, rhetor, geornttres, pictor^ aliptes, 

Aa^r^ schncucibalca, meiliais, magus; otnnla Huvit 
Grwmliis c^vrienii, (Sai„ III., 

* Suet. 4Z. I; cf. Hor. Odcj^ 111 ., % 5, doctc sermoaes utrmsque 

tiugiuc, und many similar tntcraBces. 

® Sec also Turner^ Classical Fiview^ 1^12, fip. 147 C, who finds no evi- 
dence in formal Latin from 350 B.C. la the end of the foatth century of cur 
era tn lupport of iJie dpiniswi tiiat the Lafin accent was pntnarlly tine 
$treF>a; alUiough, aa Prnfesspr Abbott again points out in Ciass. VIII., 
vulgar Latin ^ems to fiuxiish clcai proof of the predominance of 
stress., Skutsch, m IV_ pp. ff. suggests that the pre-Iiterary first- 

syllafile accent came from the Etruscans^ and that liie later threi^syliable ac- 
cent was due lo Greek mfluesice. 
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The new pitch accent became known to the commons also in the 
theatres, as they h^tened to the declamatidn of the comic add tragic 
actors, Cicero twice tells that all the whole audience cried out 
if a single syllable was pronounced too long; or too short. ITtat he 
referred only to the senators who sat with him in the orchestra, or 
at most added only the " fourteen rows" occupied by the tmights. is 
made improbable by the context j for he prefaces the former state- 
ment with the remark* quotus quasquc cst qiu teneat artem numeroniro 
ac modoniin* and follows the latter with tlie words, nec vero fntdH- 
tiido pedes novit aut uUos nimieros tenet, j:\iid today auditors w ith 
good ears notice an utimelrical line in a Shaktsp^^ean play, or a false 
note in grand opera* even though they know nothing of musical 
theory' or of meter. 

Ill many' instances^ of course, the difference hetw^cen long and 
short was obvious and significant. Thus Nero used to pun cruelly 
at the e.spensE of his sainted predecessor* saying that Gaudius load 
ceased inter homines morari, lengthening the first syllable of the last 
word, as Suetonius obbgingly explainst^ and thus changing its mean- 
[ng from ** linger to play the fool.'" We may compare bine avium 
dulcedo ducit ad avium in tlie Auctor ad Herennium (iv, 29) and 
many similar word plays." 

As is well known, the Romans employed various devices for indi¬ 
cating the length of vowels, A doubled vowel Paastoh, I* 
551/ 132 B.C-; Sti-mES, T, 1166. 104 BX-—from about 134 B.C, until 
about /8 B.C, a period fixed by the testimony of inscriptions* as wdi 
as by the assignment of the device to the poet Accius>*^ wdio. if he 
w^as the first to employ it in Latin, borrowed it from the Oscan. For 

* Dror, 173 and Orai^ IIL, 196. 

- jVirro. aj, i. The tense □! iflfofrnrur indicates that Neru proud of 
this wjttiQ^ and used it marc than aace. 

■ It hardly iicejns necessary to say that the pronnncEatian of prqtse and 
ppcSry were the same. This h dircctiy stated by Cicero, Omlor. 150: *Sit 
Igitur hoc cognittnn* in solnfis erlam verbfs incssc mimeros eosdcmrjiir es&e 
oratorin^ qni snnt pQctrd*; and by QuindtiaTi* InsL OthK IX^ 4, 61 ■ ^ Et in 
^mni quidern corpore totoquE, ut ila tlbicriTn^ tracts nutnenis insertiis esti 
neque enLtu loqul iiosstimiis nul sylliihis brevibus im; tongifn esc q^uibuii pedes 

‘^Eetcrcnces like this are to the tTfpr^itJ Latiaarum. 

^"^Ternitiijj ScauruSn Dt VIL, iS. la K_ 
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a long 1 Acdus wrote d, a usage which had come in before his time 
and continued tlirough the seventh and eighth centuries of the city. 
The origin and histoty of this device, which was not very ranurton in 
Latin, are discussed with a fuU list of examples hy Bersii b Bczzen- 
herger's Eeitrage, xxiii, 252 flf. 

In the time of Snlla a tall I came into use as the designation of 
the long vQw’tl, without at once displacing ci; and at about the same 
time the apex was introduced to indicate the long quantity of the 
other vowds. These twu devices continued in use until the latter 
part of the third ccntuiy, the latest examples being found in v, 85^, 
of the time of Diocletian, where we have seven apices in five words, 
three of which are over die diphthong tr. A much later instance, 
N£rs« in XH',. 4059. of the year 565 A.D„ represents a different 
use of the apex, to be mentioned later (p, 79). 

The employment of these devices, their variadon, and the results 
deduced from them are discussed at length by Bersu“ and Chiistian- 
seii.** One point, however, is fully treated neither by them nor, so 
far as I know, by anyone else: namely, the reason or reasons why 
some long vowels are marked and otliers are left unmarked. Almo^ 
the only contribution to this a^ct of the phenomenon has been tlie 
very ea.sy one of exploding the idea that the apex designated the word 
accent. In the light of the large number of apices on the final sylla¬ 
bles of words, one can otily wonder that tliat opinion was ever held 
by anyone, I have never been able to convince myself that tliese 
marks were put on at random, but I have thought that the examina¬ 
tion of a large number of insmption.s would at least throw .some light 
upon the question, This paper presents the beginning of such an 
investigation. In its entirety' the problem is an enormous one, since 
it involves tlie consideration not only nf all the indicated quantities, 
but also of many long vowels in inscriptions belonging to the period 
from too B.C. to 30a A.D. of which the quontities arc not indicated. 
There is also the possibility', if not the probability, of a negative 
result; but there are certain to be by-products of some interest and 
value. 

“L. c. 

fir Afihibtts el / longia, Huswm, 
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The Roman grainniarians are not wholly silent as to this point. 
Quintilian says: “ Longis syilabis omnibus adponere apicem ineptis- 
simum est, quia plurtmae natura ipsa verbi quod scribitur patent; scd 
intcHtti n^jcessariuffli^ cum eadetn ^liuin alluui inlellectum 

prout corrcpta vd prodncta est factt r uE " mains “ arborem significet 
an hominem non bonum apke distidguituT, "“"palus" aliiid priore syl- 
laba longa+ aliud seqiieuti siguificat, et cum eadem littera nominal I vo 
casu brevis, abLetivu lon^ est. utrum seqiiamiir plerumque hue Dota 
monendi sumu^/' Iti the time of Hadrian, Tcrentius Scnunis 
writes;^* ''Apices ibi poni debent tibi isdem littens alia atque alia 
res desigtiatur, ut ' venlE * et ' venit/ *arGt' et *aret.' ' legtt ' et ' legit/ 
ccteraque his simiLia_ Super j tamen litteram apesc non ponitur^ 
melius enim I in longitis producitur. Ceterae vocale^, quia eodem 
ordine positae diversa significant, apice distingutmtur, tie legcns dubs- 
tatione tmpediatur/" 

These statements are clear and definite^ The second osie made 
by Scaurus is confirmed by the inscriptions; for although there are 
twenty^-two instances of an apes; over t in the twelfth volume ol the 
C. T L. alone, that use h relatively very^ rare. An apex occasionally 
app^rs even over a tall f, as in XIL, 890 and 3065 add. The other 
statement, in which Quintiliati and Scaurus agree ^ points to a logical 
and helpful use of the apex^ but unfortunately the statement is not 
conRrmed by the inscriptions. The apex^“ is used in many' instances 
where it does not serve to ihstbiguish words or case-endings of the 
same spelling except for the quantity of the vowels, and frequently 
Biicli words or caae-endings are left unmarked. This fact, however, 
does not prevent ua from accepting QuintUian^s principle as one of 
those which regulate the use of the apex; for it will he seen lliat no 
principle of the kind is observed with uniformity. In fact, one is 
almost tempted to think at times that uniformity wag deiiberateJy 
avoided. 

Of many thousand Inscriptions which 1 have examined 1 have 
found only two in wliich aD the long vowels are marked. As both 
OrBt,, I., 7, 

^*Dt VIT.. 3j, 5 ff. K_ 

^^For brevity, the teriM 'apex" is used here and in numerous other in- 
stances to include the uptx aod th^ 1 longa. 
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these inscriptions are short, probably tio great significance is to be 
attached to their consistency, but they are interesting as rare sped- 
mens. One is VL. 30S05, Silvano Au. sacrum, C. lulius Castrensis 
ex Toto (inddentally it may be remarked that the markidg o£ a long 
vowel before tiJ is not very common). The other is XJI., 292^, 
lovr'* O. M. Callus luUiis Monoratus V. S. L. M, There are numer¬ 
ous other inscriptions in which the number of marks is relatively 
large, such as HI,. 9960; V., 67S6. ^^430^ VI,, 4226; XII,. 3219: 
XIV., 2553, quoted on p. 91, and many others, In some, on the coti- 
trarj’, only a few words are marked, generally, although not invari¬ 
ably, at the beeinning: e.g., VL, 30865. where the first and third lines, 
Pro salute . , . Pontificis Maximf, are accompanied hy eleven lines 
containing ten long vowels, no one of w-lijch is marked; in VT., 10363, 
iMNiiintr is the only marked quantity in an inscription of eight lines. 

Even a cursory examination shows that the apex and the 1 longa 
are not used in e-xactly the same way. Except for a few incvitahlc 
errors, the apex is much more consistently confined to the designabon 
of long vowels, while the I longa has various other uses.*’^ Furtlier- 
morc, the 1 tonga is decidedly more frequent than the apex. In those 
volumes of the C, /. Lr. which are provided with indices the examples 
of words marked with an apex are collected, but ver>^ few of the 
editors have essayed the enormous task of assembling all the tall I’s. 
Some inscriptions liave the I longa. but no instances of the apex, 
including the account of the Ludi Saculares of 17 B.C. (VL, 32323) \ 
VI., 9992, for example, has twelve tall I's within a few lines, but not 
a single ape.x. fn this connection It should be noted that there is 
another apex, frequently having the same form as the one which indi¬ 
cates a long vowel, which is used as a mark of punctuation, both 
between words and after abbrevrations. This apex, which is attached 
to consonants and sliort vowels, as well as to long vowels, is com¬ 
monly placed beside the k-ttcr instead of over it, as in VL, 838, ex’ 
visu fecit' Evia' Helpis, where it serves to separate words, instead 
of the usual point, Tn VL, 31856, belonging to the early part of the 
reip of hlarcus .Aurelius, it serves to designate abbreviations; a 
rationih' proc trib'. Sometimes it stands over the letter, as in rfi for 
An italfchTd f is used to design itc the 1 longa. 

''See Chrirtiansen, L e. 
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missus^ IV.p ri82, Nu* 6, and ¥ for fecit* IX.^ 20S2 B, □ ChiisLian 
inscription; cf* Augg. and Ub., VI738, of the time of Septimius 
Severtis; dec.^ XIV.^ 3023, and primi^,, XIV^^ Thh apex is 

much less common than Ehe one which designates a lon^ vowel and 
is not likely to be mistaken lor it. It may have led to the use of the 
long vowel apex as a mark of punctuation after abbreviations and at 
the end of sentence.- and clauses (sec p. 86), when such a use is 
consistent with its employment as a designation of long r]usntlt>'; as 
in ffc. for fecerunt, VI., 4027, and elsewhere. Conversely* the long 
vowel apex may have influenced the form □£ the other apeXp which 
perhaps came from the commoner mark of punctuadon 

It would seem that the best results would be obtained by examin¬ 
ing some of the longer ofhciai inscriptions of the best period, and we 
may begin with the MoniunEntum Ancyrantim, the great inscription 
in which the Emperor Augustus recorded the cv^ents of his reign.^* 
In examining this document we niust, of coursep bear in mind that it 
is a copy of the lost original in Rome. We shall probably be sale, 
however, in assuming that the stone-cutter followed his copv as care¬ 
fully in adding such marks as he did in other respects, and this as¬ 
sumption receives support from the fact that in the begmiung and 
end of the inscription, which w^ere not copied from the Roman origi¬ 
nal, errors are more frequent than in the body of the record, where 
they are very rare. 

The inscription proper contains approximately 1,884 words and 
1,399 long vowebquantities. Ot tlie latter 487, or about 34 per cent., 
are indicated by apices or by the tall L The marks are for the most 
part limited to one on each word, but forty words have two marks 
and two have three marks each.^* The modern scholar, In spite of 
the silence of tlie native grammarians, might be led to inquire whether 
the so-called " hidden quantities are designated by marks- We And 

StitL Aug., loi^ 4; Cassius Dio, 

The counting Jms hrai dpnt with care, ajid while it would be mli to 
clasrrt ib^olute accuracy, the pcreentaife of ertor Is cerlainly nnt tar&e enough 
to affect any of the conclusions. The writer has made complete word in¬ 
dices of the MomiTneniutn Ancyrniitini (desiffnaled as M. A.] and tlte Speech 
of Oaudius (S- C-)t full lists Of all the csramplcs oF the dEffcrent posl- 
tioos and uses of the aptJL Cemsideradoos of space prevent the printinH of 
these lists, but they form a reasonable guarantee of accuracj*. 
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that in the il. A, twent^^-stx such vowels are marfeodT hut they amouni 
to only about 20 per cent, of the 138 hiddcu quantities in the whole 
inscription. The only repetitions are lustrum and liistrOp which occur 
three times eacln A vowel before ri^ is marked four times^ hut is 
left unmarked sixty-nine cbnes. These results in themselves are 
almost enough to show that "hiclden quantities^* are no more fre¬ 
quently marked than others. In fact^ in nine words in ivhicb hidden 
quantities are not marked w'e find other louj^ vowels marked: dius 
coitsuldUi occurs four times. 

Although, of course, the apex did not designate the accent^ it 
naturally occurs frequently on accented syllables, since an accented 
penult often contains a long vowel, which is sometimes the only long 
vowel of the word. In the M* A, 214 accented syllables are marked, 
while there are 20S accented syllables contaiining long vowels which 
are not marked; the count is confined to words which have apices, 
and monosyllables are not included. 

Qtunlilian^s rule is ohserved in sevetity-eight cases^ while in forty 
instances luarfo are omitted w'hich would differentiate w^ords or 
forms. These figures^ however, are the result of giving the rule the 
most liberal interpretation possible^ including, for exaniple, all cases 
of Tj and not merely those from words which also have forms in -tf, 
and adverbs like cmfcii as well as ablatives in -u* If we confine the 
coimt to forms wliich coiikt actually lie mistaken for others, we have 
thirty-nine marked vow'els and twemti^-three unmarked. 

Considering next the syllables on which the marks are found, 
there are two instances of marks on the sixth syllable from the end, 
which in each case is the first syllable of the word: frumentationeB 
and provincialibus. The former is one of two words in the entire 
inscription w"hich liave three marks. The latter has only one mark, 
although it contains another long vowel* 

Eight words have marks on the fifth syllable from the end^ includ¬ 
ing msaliare and inconsulatu^ In vrhich the prepusition is treated as 
a part of the word, Tlie mark on niconsulatu ts one of the ver>^ few 
errors in the main body of the inscription* Only two words have 
additional marks, universi.Srnm and municipiisi in one other only the 
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firnt syllable tbe word is preserved, so that it impossible to say 
whether or not there was a mark on the only other long vowel. 

Fonrteen words have marks on tlie fourth syllable from the end* 
In eight instances this is also the first syllable of the word> and in 
eight instances all the surviving long vowels are marked. Four of 
the w^ords liave other tnarks as well, and there is one repetition, 
uni versus and tiniverfsi). It is perhaps significant that in several 
of the words, amteitia^ Oceanus^ tribunicia, uni versus, for example, 
we have a single long vowel in the neighborhood of short sounds, 
where the quant it}^ is especially important for correct pronunciation. 

On the last three syllables marks are much more frequent^ which 
is not surprising when we consider the relative number of long and 
short w^ords in the language."^ On the antepenult we have sIxty-one 
marks. In thirty-four of these the antepenult is the first syllable of 
the word and in forty-eight it is the accented syllable. In five of the 
tw'clve instances in which the antepenult is not the accented syllable 
the accented penult is also marked, and in four others the accented 
penult contains a short vowel followed by two consonants, leaving 
only three words in which the accented syllable is not marked when 
it could be marked. There are several repetitions: cudam twice; 
ostium twicefnrmentum twice; aerarinm twice. Eight hidden 
quantities are marked and only one is unmarked 

For the penult the figures greatly increase, there being 167 ex¬ 
amples of an indication of the length 0! that syllable. In every case 
but Cine the penult is the accented syllable, T!ie solitary^ exception is 
civica, one of the few errors in the body of the inscription^ a short ■ 
being written with I longa. In fifty-four instances the penult is the 
first syllable of the word. 

The greatest number of marks. 204, is tound on tlie final syllable. 
In twenty-nine words there is also a second mark, usually on the 
penult, Thirty^-one monosyllables have not been included. 

It does not seem probable tliat any particular long vowel was more 

w In the M. A- there arc trat fner worda oi syllables, twenty-four of 

fjvc syltahlcs, and nimfty'four of four ^yll^bles. 

*^For brevity, mert dllferencea in cpsc. such as Dsttum, ostio, arc not 
uoti^d separately, 
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likely to be marked thati anotlier. The figures for the use of the 
apex in the A. are given by Oirisliansen” ^ fallows; 

a 0 e u i ae 

157 lo:? 65 4^ 1 1 

If wi! subtract the total 0! these^ 365, from the total number of 
markSp 487^ we get iT^ as the number of tall gf’ring that letter 
second place. In IX., 3060, all the apkes, four in number* ate on 
the letter u, but no stress is to be laid upon ihis* and there seems to 
be no reason for marking one long vowel more freqnenth' tlian an¬ 
other ■ in VI., 6191, aJI the apices are on final o. 

In the M. A., and the same thing seems to he true of some other 
inscriptions, the marks show a decided tendency to flock together. 
Sometimes entire sections have few indicatioiis of quantity 4, 

with the exception of the first twa lines, I., 5; I., 13, the latter part 
of II., 8; TV., 22^ and IV,, 30) ; others^ on the contrary, have many 
marks* such as III., 14* IV.* 33* etc. It is very common for two 
successive words in agreement to have marks, whether the vowels are 
the same, as in aurr coron^i^ triurnphos meos, ea pectmia; or diSer- 
ent, as in reditu raeo, octingentos pedes* cumlis triumphos. In some 
instances three succe£si%"c words are marked, as surnma sacra via, or 
wc find two successive words with two marks each* as curia lulia, 
Divi' luJf, An example of striking inconsistency appears in V., 

In the phrase "in Africa, Sicilia, lilacedonia utraque Ilispania » + . 
Asia, Syria, Gallia NarboiiEush PiBidta,*' where it is difficult to see 
why three of the ablatives should be marked and the others not. 

We may also note a tendency to mark series of words which are 
not in agreement, such as impensa grandi re fed and rivos aquarum 
compliLirihus locis vetustatc labentes reim (both in IV.* 20). Since 
the endings -orutn and -anim are often marked, the absence of a 
mark on aquamm is also noteworthy. In III., 16, we have a very 
long series: pecimiam (pro) agris, quds jn cronsulatu meo quarto et 
posted CDUSulibus M. C(rasso e)t Cn. Lentulo augure absignAvl mili’' 
tibus^ solvi miinicipis. x\t first thought the eleven marks in two lines 
and a lialf seem no more remarkable than tbeir oraission in the words 
consulibns . . , augttre, hut as a matter of fact the latter phrase* 
although of some length, contains only two long vowels. Moreover, 
L. c., p. 13™ 
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as we have seen, a long vowel before jjj is p^dom marked in the 
M. and die thing is true of final o. The absence of a mark 
on miJitibus is perhaps more noteworthy* For some reason or other 
tliat w'ord, in spite of frequent occurrences, is never marked^ altliongli 
militaxk oentrs. It is possibly not too fanciful, in the light of the 
honoraiy^ une of the apex mentioned below ^ to connect this umission 
with Augustus's attitude towards the soldiers*^ In general, the 
markmg of the long vowels seems to he to a certain extent a habits 
which once begun is carried on for a time, dropped and resumed, a 
view’^ which receives confirmation from the usage in other inscriptions. 

The apex seems to be iised^ as the 1 longa undoubtedly was, to 
add diguftv' or majesty, or to emphasize certain words with that end 
in view. Dtvf occurs twdee m the M, and is frequent throughout 
the period from Augustus to Com modus. lulius and lulia occur 
seven times with one or two marks (the latter is possible only in the 
oblique cases), and the latter once without a mark. We find tribu- 
nida and tribunida of the emperqr^s trihunician power beside tribu- 
(nic)ise and an indecisive {tTib)Qiiiciae. Consules is found only 
twice out of tw'enU'-nine cscnirrences of the word, but have conau- 
latum once, and consulatu four times, of the consulates of Augustus. 
It may be f ancifn! to connect three occurrences of Capitolium without 
marks with .Atiguslus's rmnimizing of the importance of Jupiter and 
the Capitol as compared with Apollo and the PaJatine, hut Capitolio 
occurs tn VI., 20:^7, B (perhaps of the year 37 A^Dh) and 20S0, 9 
(t 3 o A.D,), and Capitolio in VI., 204^, 6 and 59, 41, all in¬ 

scriptions of the Arv'al Brethren. If we add the frequent occurrences 
of r>(5 MAnibus, we may seem to be justified in the conclusion that 
this feature plays some part^ although it did not extend, as did the 
use of the tall to short vowels. It is rather striking in this con¬ 
nection that in the inscriptions dedicated by lictorg we find lictor in 
VI., 1871, 1S81, and 1905; in the inscriptions oF viatores, 

viatori, 1921; cf, 19^2, a. Other officbJ titles which occur with 

Siiet Avff., 35. I, iieque post belta dvilia aut m captigtie ant per cdlctum 
uUqk milknm cnoimilitones appellabat. sed milites, ac ne ^ filfils quid^ aul 
priviguLi ?.u]s imperio pneditb aliter appellail passns cst, ambittoiius td 

quatti auL ratio rnilltaris zkuK tcmputtint quies aut sua damusque iU 3 s 
maicftiu pQstularet For the different attitude of Julius C*jar+ sec Such 

UL 65 ff. 
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marks are x^ugustaJes, accensiis, curator, flamed^ patronuSp prcwziiratDrp 
legattis (with two market V.p 4359) ^ 

twice rcgcs) ; in pnKon&ul (Hk, and elsewhere) and pronepos 
(TX.p 3176; lILf 14147, i) the mark may indicate the prefis; (see 
below). Marks are not very conimon in the Poitipeiao idscriptionsp 
blit we find iwatio in IV’^, 3884, vendtio in 1186, and venatio in i T90, 
donbtleas for emphasis; cf. vela^ IV,. 1190. The same general fea¬ 
ture appears in the designation of military and other priaes, as in 
cdranii aurta^ V., 7003. 

The folio wing words which occttr more than once are always 
marked: curia three times^ flurnen twice^ lustnim she times^ mauibiis 
or manibis four times, osLlum twice, Penates tnnCE, redperavi twice, 
refeci three times, solvi tw'ice with sqlutis, frurnentnm twice with 
frumentatiodcs- The following, on the other hand, show a variation 
in usage i anxi and auxl, accepemnt and accepemnt* dves three times 
but cives once, denariog twice but denatitmi, and others. 

In a number of instances the mark coincides with a word division 
in compounds as in undEviginti, quinquaginta, res publics, rel pub- 
licae; or indicates a siiFix, as in aerarium, anniversariuin, etc. There 
seems to be no other good reason tor the frequent marking of nomen 
(three times in the M. A., IT., 5313; Y., 7430; VL, ^42, a, 26 \ 305Q, 
38)p tegtimentum (IIL, 10867; V*. 969; XIL, 1375, 3593); cf. 
omamentis^ XlL, 3203, and omamentis, XII., 3319. Prefixes are 
perhaps indicated in the same way, as in refM^ deduxS and in acde> 
the only example of an apex over tw In the M* A., although that nsage 
becomes common later. In the marking of case-endings, which is 
frequent, we should expect Quintilian's rule to be followed, hut the 
expectation is not fulfilled. We find the endings -ontJH and -ormn 
marked, -es in the nominative and accusative plural, -is in the dative* 
ablativCp and -oj in the accusative, pluralp no one of which is likely 
to be mistaken for another form, as well as the ablative in 0^ the accu¬ 
sative phiral in and the forms in -fis of the u^dectensionp where 
the marks differentiate the cases from the nominative^ the genitive 
singular, and the forms in -us. In the M* A* hd of the dative-ablative 
singular js rarely, if ever, marked, but elsewhere it is frequently 
given an apex; ses'-enty^-four times in C. /. -L^, XII. The forms of 
the a-declensiun in ■hj*’' ate not marked in the M. A., but have die apex 
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forty-seven times in C. L L,, XItwent^'-eight times in XIT. and 
eighteen times in Y. 

There h a decided tendency, for which there seenn; to be no 
obvious reason* to mark the penultimate or ultiina, or both, in per fect 
tenseii: v 4 ci, feei, c^i; ausi* fuip feeij ref^L misi. To 
tJiis may be added over twenty examples ot fKitp feoerunlp l^erit, 
etc, (seven of i6cil in the index to C. /. L.* XIV.)* nmicupavit, VI-, 
2043 d, 25; cooptavenint. VI.* 2078, 39: venerit, VI.^ 1932 a; de- 
VL, S94, and many others. 

The use of an apex to indicate punctuation has already been 
spoken of.^* There are in the M. A. a good many instances of a 
mark on a 6naJ long vowd preceding a comma, a period* or a section 
mark in the original ; in sortie □£ the places with section marks no 
punctuation would be ti&ed in English. Noteworthy in this connec¬ 
tion is the phrase in quo triginta rostratae naves triremes a(id: 
birein)e5p § (IV.p ^3), where the change from a penultimate accent 
to one on the last $>dlahle of biremes, w'hether accompanied by another 
mark on the penult or not* is most easily explained as indicating a 
comma. Also noteworthy is the sentence rivos . * . re feci {IV.* 
20) p quoted on p. 33, which is folioived by a comma and a section 
mark. 

We may now consider the speech of the emperor Claudiui at 
Lugdunum, of the year i|S A.D* (XIII., 1668). The total number 
of long vowels is 498, of which 130 have indications of quantity', a 
percentage somew'hat smaller than in the M. A. Tliere are but six 
words with two marks and none with three. Of forty-five "'hidden 
quantities " eleven are marked, a relatively larger numher than in the 
M. A., blit hardly enough to indicate a decided tendency. There are 
forty-nine instances of I longa, and the apices are distributed as fol¬ 
lows: a.y 32; Op 20: e, t3; u* 12. This does not differ greatly from 
the usage of the M. A.* excq?t that the I longa is relatively more 
frequent. There seem to he no short vowels which are marked with 
the apex or the tall I, and Quintilian's rule is observed with greatet 
frequency than in the earlier inscription. 

The same tendency to mark vowels in successive words is to be 
observed in the S, C, as in the M. A. Combinations of two words 
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are especially coimnon, although the maTking of the same case-endiugs 
in sitccessive words is rare. We find hac cmtate^ statusque res 
p(ublica), Sabinis veni^s. Conibinations of three words arc less 
froqiictJl: AiicCi Marcia, Prisojs; hoc ipso consulari; seciiram atergo 
pacem. We have one group of tour words: superbi mores invisi 
civitatij but longer ones do not seem to Occurs There are fewer mdi^ 
cations ol a use of the marks for dignity or emphasis tlian in the 
M. A. Here ];>erhaps belong civitas, which occurs four times^ and 
cfyili, Datis twice, r& publica four times. Wc have a single long 
VQwei marked in the neighborhood of short vowels^ where the proper 
observance of the quantity is especially itnporUmt, in (k:eanus (also 
marked in the M. A.), utilitate, omatissiiua. The most frequent use 
of the marks seems to be in the indication of case^endings, prefixes 
and suffixes: coloniarum, bondrum, atergo, res publica, approhare, 
tenuere^ tradere, translatum, diligo^ didticta, exactus, invisi. It must 
be remembered^ however^ that in several of these words the vowel 
which is marked is the only long vowel; also, in all these categories, 
tliat there may be other reasons for the marking of a vowd than those 
which determine the category. The marking of tenuere seems to be 
in accordance with Quintilian's rule, but in approbare it is unneces" 
sary. 

A few words are marked in all their occurrences: civitas, Divus, 
casus (twice with two marks), fines; iicrhaps less stress is to be laid 
upon dicere and dixi, tmnslatnni and translata, venisti and veniens. 
The use of the marks to indicate punctuation is much less frequent 
than in the M. A. 

It may be convenient to arrange the dikribution of the marks in 
the two inscriptions in tabular form : 
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We may now pa^s to a general examination of the inscriptions, 
which shows that the usage was most common in Rome and Italy, in 
Cisalpine Gaul and Gallia Narbonensis, and in Si^aicL It was more 
frequent in central than in southern Italy, Tlie inscriptions of Africa 
show \^ry few examples, tliose of Britain none* The use of such 
marks is most frequent and accurate m official inscriptions and those 
of the educated. With the common people, so far as they use the 
marks at all, the xisage seems to be imitative and sporadic. This 
riew h apparently confirm^ hy the use of marks in certain formulas, 
such aa "libertis Ubertahusque posterisquc eonim/" where it is com¬ 
mon to find some or (rarely) all of the six long quantities indicated, 
especially by the I longa-*' 

In conclusion, a few additions to, or confirmations of, usages 
foimd fn the M. A- and S. C. may be given. As has already been 
noted in conncclioti with case-endings, an apex on the diphthong ie 
(usually gn the first vowel, less commonly on the second) is of fre' 
quent occurrence. This also appears in syllables which are not case- 
endings. Oiristiansen^* gives thirty-two instances* of which twenty- 
four occur in the Acta. Fratrum Arvaliuni, and very' many examples 
may be added to ins list. His remark, p. 17^ that an apex is rare 
over IT and mt is misleadingj for the occurrence of an apex over any 
diphthong other ttian cP is exceedingly rare, wliile over *3? it is fairly 
common. Flis suggestion that the purpose of the mark w^s to dis¬ 
tinguish representing ^ from the same diphthong representing e 
seems donhtfiil; for although we find frg-ae'j for eques m YL, 3409^ 
of 197 A.D.* the general use of i€ for short e was certaiuly not early 
enough to account for the apex over ff, 

TIic greatest number of indicated quantities in any one word of 
the M, A- and the C. is three, and the two inscriptions together 
conlain only tw^o such wards. In VI., 11466, we find mfeltcissimi 
with four marks, including the somewhat rare designation of a long 
vowel before 11/. Tliree marks ocxur several times, c g,v I.usttana 
tirice, n., 5390s dedicatione, 111 ,^ 10767; quaestorio^ IlL, 11654; 
Fortunat^j, V., id66; Karhones^, XIL, 4393 ; vetialiciario, V., 3349; 

«VT., ^5^93;, iqijo, 104DI, 1067J, 11517 : cf- tS^r J&i?, 19^1. 

=“ L. c., p. rjr 
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donatu, VL. 1377. 8; proccdms, VI,. 1537; pacato, VI., 1527; viatori, 
VI., >921. 1935 a; felid, VI,, 13133; honorato, XIL, 3219; Homi- 
rato. XII., 3637; togatomtn, XIV., 409, 14; fatales, XIV,. 3553; 
adorariros, XIV,, 3608, 17; oratione, XIV,. 3608. 31, 

There is a decided tendency to mark quantities in personal names, 
perhaps as an indication of honor (see p, 84). or in some to 

insure their correct pronunciation: many men object to having their 
names misspelled or mispronounced. The latter would seem to be the 
reason for Caninb, RI. A,, HI.. 16. in a list of ten consuls, of which 
no other name has (or apparently needs) an indication of quantity : 
Cbiinius occurs in X., 3036. Caninio twice in XIV., 2556. and in VL, 
14343 Canihio is the only word marked in an inscription of five 
lines. Names which are frequently marked are luJitis and lulia (see 
p, 841, of which I have thirty-otie examples, by 110 means a complete 
collection; Marcus and its derivatives, V., 555, 7678, XIV,, 2802, 
etc.: Cornelius, HI.. 8786, 11(590. V., 737 add,, 909 add.. 1179, twice, 
six times in C, /. L., Xll., etc.; Mars and its derivatives, .^ntonius 
and derivatives, \ 115 twice, seven examples in III.; Pollio, V., 

5906, VI., 1829; four times in XIL 

Nouns indicating relationship are frequently marked, perhaps as 
a token of honor or respect; for example, uxori, II.. 2(542, III,, 8786 
twice, VI „ iSggp ^ 975 * *^nd fourteen other examples; filius, VI., 8S0, 
1825 and elsewhere, four times in the M. A., but uiimarked eight 
times; frater, XIV., 2637. 3 ^’^i *9 frequently; mater, V., 1179. 
fiorj, G09I) /<578 ami frequently. In the last-named inscription 
fratri, matri, uxori and soron are all marked, although a second 
occurrence of sorori is unmarked. In V., 1179, matri is one of only 
two words marked in an inscription oi six lines, the other mark being 
over (F. It is doubtless to this tendency that the erroneous marking 
of edniugi is due in V., 1066, and VI., 99(4. 

The preposition a is often marked: six times in the M, A. (twice 
uittnarkcd) and four times In the S. C, (once unmarked) ; also II., 
3426, III., 12046, VL, 4312, 9970, XIV., 254, 409, M: 3543 . and in 
numerous other instances. It seems probable that the mark serves 
merely to separate the preposition From a following noun, whether 
the two arc written as one word or sepTratdv, and wc also find r, de 
and pro marked- The marking of raonosytlabic words, how'ever, is 
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ratlier frequent (thirty-one esamples In the M. A. and fourteen in the 
S. C.). 

In metrical inscriptions the long niarks frequently coitidde with 
tlie ictus {or whatever term we may prefer to use)^ but here, too, 
there is no uniformity, AO the apices seldom coincide with the 
ictus ” nor is every^ ictus oiarked in any inscription, A typical in¬ 
stance of irregularity occurs in IX,, 6 o, where we have eleven hexa¬ 
meter lines, of which two have no marks, five hai'e one mark, one 
has ta-o marks, one three, and two four. The lines with four marks, 
which are not consecutive lines, read as follows: 

Hlc me^s dlposui curas omnisque kbores, 

Fortinta. rpfraeti ttr me fcsFnm recrcastL 

In tlie former line three of the four apices coincide with the ictus. 
The one Over enras does nott hut the proper length of tlic u is impor¬ 
tant, perhaps especially important, for the rhjThm of the verse. We 
find a correspttnding syllable marked elsewhere; for examplCp in the 
following lines: 

Viva viro placui prima tt dilissiTnirpi conbiLx. VL, 6593, 

Qn6'5 pirn 5at^^c colit frater oiaiimxqiie puellucr VT,, 

Since in the last example the word in question is frater, there is room 
for doubts as often happens, as to the roa-son for the mark. The dis¬ 
regard of for making position in the Erst and fourth of the above 
lines and the grammatical error in the third point to a vulgar origin. 
It is noteworthy that m the second line two of the markSp being over 
hidden qtumlitieSp are superfluous so far as the meter is concerned, 
although they are important for the correct pronunciation. 

In the inscription IX,, 60, twelve apices, in eleven Itnes, coincide 
with the ictusp while seven do not. With this inscription vre may 
contrast VL^ 9?97ii nineteen lines, in which the apices and tall I^s 
are verv numerouSp although in no line do the marks comcide through¬ 
out with the ictus. In another inscription, XIconsisting of 
tw 0 elegiac couplets, nearly all the long quantities are marked, but 
three long vowels on which an ictus falls are not marked. The in- 

Tlserf 13 CTic example in & pentameter (VI, ^ 593 ) v po** obitus satis^ !iic 
femtua iiitet, 

pioc, AHi&n, ioc.» imt,. LKi^ n, avo. 3O1 iy*2. 
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sirription reads as fdUows: 

Olla T Sccundic 
moneo ne quis mk mbi 

Namqut Seettnd^ Eiii xtuac l^gor i cinerc. 

Hic iacca> ottiiitbui una 

Natalis quia 1163 scptrmtis nisil amor. 
tooDttmenti III Idus Mai^- 

It may seem that the inferences which have been drawn are based 
upon a ^mall number of examples. Ttiat is quite true* but it must 
be remembered that the total number of marked words is compara¬ 
tively small, and that among these the repetitions are far fTom nu¬ 
merous. In the index to C. I. XIV., for example, there are 2tr 
words with apices; among these there are but 33 repetitipns and only 
fifteen instances in which words are repeated three times or mort. 
The occurrence, therefore^ of Manihus eight times^ of f^cit seven 
times, and of luUus, lulia five times may fairly be regarded as signifi¬ 
cant, especially wdien the number of examples of these forms is in¬ 
creased from other x'olumesH The study has suggested to the writer 
a number of lines of investigation, which be hopes to follow out at 
some future time. 

UNTVER5TTT OF PHN SVLVAXIA, 

PnrLADELemA, Fa, 


. SOME PECULL\RITJES OF THE NOV.«. 

• j 

By E. IL BARNARD* 

lEfod April 21 , rftjj.) 

There are no more interesting abjects in Lhe sJty than the no™. 
Tile ^uddsiness with which they rise frotn a faint or obscure condi- 
tian or from absolute invisibility , sometimes to ontrank aU the 
olher starii in the heavens, in some cases increasing their light as 
ninch as a liundred thousatid fold, ii very wonderfuL This great 
rise m brightness requires only a few hours or a few days at most. 
Their rapid physical diartgeSj the various colors through which tliey 
pass m their declining light, their later change to apparently a nebu 
lous state, and their final rehim to what seems to he their origitiiLl 
condition which they attain in a few- years' time, make them of the 
greatest interest from every' point of view. 

The novae remain at their greatest brightness for a very hriet 
period* which in some rases can lie counted in hours* They then 
h^h to fade, at first rather rapidly, then slowly. With many halts 
and minor odtbur.sts they finally,, in a few years* time, say from eight 
to ten or fifteen years+ return to their original brightness. This 
interval of decline seems to inry' in different nov;r. Though they 
thus follow the same process of rapid cliange in brightness and physi¬ 
cal condition, there are decided differences and peculiarities among 
them that might suggest great dissimilarity in their pre-nova state. 

One fact that is peculiar to them, though not necessarily definite 
in its character* is that \rith pcrhai>s one exception (that of Nova 
Corona! of iS66) aU of the novae are found in the Milky Way^ Of 
course, there are vastly more stars in the *MiIky than outside of 
it and therefore a greater chance for a nova to appear in it* There 
are other evidences, however, that they really belong there. 

What was the original conditson of a nova? Little is known of 
the early history of these IxKiies—^before their outburst of light. We 

rnue, aWER, FKIL, SQC , VOL, H* Atm. Jl, I9». 
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know something of ihe visual historj^ of Nova Coroitae Borealis of 
iS66, for it was ohserv'ed at Bonn, pirvious to its uiithurstp as BD + 
26® 2765 pf tlie 9.5 fna^ittide. Though this star appeared soine dis¬ 
tance from the Milln' Way (in which the novsc apiparentlv belong), 
there is no other reaLSOn. to c|uestfQU its character as a nova. 

There is now some evidence that possibly the novae were all vari¬ 
able stars in the earlier stages of their history, but the proof is not 
coodusive. Photography lias shown that at least two of these stars 
were small variables before they hecame noviie. Nova Persei is the 
best example. Thanks to the splendid collection of stellar photo¬ 
graphs of the Harvard College Obser^itory extoiding over more 
than a ddrd of a centiirj'K we know that previous to its siidrjen appear¬ 
ance in tQotp w hen it became brighter than the first magnitude, Ko^^a 
Persei w^as a small r^riahlc star of about 14th inagnitude. After its 
outburst tn 1901 it slowly faded to its original brightness and again 
liecame a STnaJJ \TiriahIe star—varying perhaps just as it did before 
the hlaze-Eipi xApparently the great outburst was only an interruption 
in its regular ^variability, which is now past and forgotten. 

The other. Nova Aqijila of igiH, which f^mc brighter than 
any star in the skir with the exception of Sirius and perhaps Canopus* 
previous^ to June 8 was also a small variable star of TD.5 magnitude. 
It has not yet sunk to its original faintnes^s, certajnfy not from a 
photographic standpoint, though it has nearly done so. It b only by 
comparing the present photographs of it with the early ones that we 
can tell when this event occurs. It will probahly resume its vari- 
shility later on. Of course, these sEatements of variability have noth¬ 
ing to do with the peculiar anctuations of the light of a nova in its 
immediate decline from its maxim tun. 

As we have said, It would appear tliat the outburst m these two 
star.^ was only an interruption in their variahilit)'. Professor Turner 
has made an attempt tu connect up the present variahilit)'- of Nova 
Persei wnfh that before the great change occurred, but he has not yet 
obtained a satisfactoiy^ result. 

Perhaps ihe phenomeiia oF Nova Aquilx were of even greater 
interest than those of Nova Persei. This was probahly due to the 
extreniely great brilliancy of the star at its rnaximtun. Its entire 
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declining phase was brighter than that of any other modem npva, 
for it iff^s originally a hHginer star than any of them with tlie excep¬ 
tion of \qva Corona of 1866, whose range of brightness was not 
nearly so great. Before tlie outburst Nova Aquila; was a compara- 
tn'ely bright star of 10.5 magnitude. Nearly a]l of the other novse 
hate started either from a very' faint oonditinn or from one of entire 
invisibility. It is easy to show that if some of the other nor'at had 
been as bright as Nova Aquila: in the beginning they would have 
much outranked it w'hen at their maximum brightness. This was 
specially so in the case of Nova Persci, which would have tieen a 
brighter star than Nova Aquilie, because its entire increase of hrfglit- 
ness was mitdi the greater of the two. This lias given some hope 
that the great nova of 1572 (Tycho's star), which i^-as by far liie 
brightest nova on record, may' have been a considerable star w'hen the 
onthurst nccuETcd, and that it may now be visible as such. But we 
have no means of identifying it. The uncertainly of Tycho’s position 
of it and the rich region of the Milky Way in which it exists makes 
it quite impossible to identify it among the many stars in its imme- 
dkte region. Should, however, a situill variable star lie found suffi¬ 
ciently near to its assumed place, it would add much to the supposition 
that the great nova had been found. It would lie interesting to re¬ 
cover this star now, for it might he bright enough for spectroscopic 
study. The great lapse of time since it appeared iti 1572 might give 
results of much value iti the history of these stars. 

Tlierc seems to he good claim that B Cygni of tfioo was a real 
nova. It is therefore the oldest nova that we can certainly identify. 
If we follow the information we already have of the novie, it would 
seem that this star, if a true nova, W'as probably visible to the naked 
eye previous to its outburst. 

The next oldest, and one where there is no doubt of identity, is 
Hind's Nova Ophiiichi of 1S48, Though this star was not bright 
enough to attract very wide attention, a few' astronomers observ-ed it 
carefully. Bond, at the Harvard College Observatory, mea.siirefl its 
position with respect to a small star near fL From this it is identified 
with certainty. While bright enough, it was also observed at Bonn 
and is BD—12" 4633. Recent observations show that the star is 
probably \tiriahle. 
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Kova Cygni of TS76, whkli wss tltscovered by Schmidt at AiHl-hs, 
attained the second mngnitnde aiid vvn^ therefare a very" bright ofiject 
to the naked eye. It lias long since retitrsied to wliat was proljably 
its original condition — that of a very faint star of perhaps lylh mag- 
nitnde. For many years-at least it has irregularly ^"ariahle with 
a light range ot over one magnitude. 

The old novai'tliat are now variable do not seem to have any 
definile periods, ^ITiey are very irregular m iheit Hiictuatiorts and 
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in the extent of their Tight changes. These Itglil changes do not 
resembte those □! the ordinary' variable stsir, for their variability 
seems to he of a spasmoflic nature with no distinct i^criod. It ii 
therefore very irn|>ortaiit to know if iheir original variahiUty was of 
this same erratic nature, so that we can tell If they have entirdy 
resumed their original condition. Phoiography wdll play a highly 
im].x>rtant j’jart in answering this question for some of the future 
novte. At present^ for Xova Persei and Nova Aqiiilze, tliere is not 
etiough material to tell us w’hat their pre-nova state really w'ns, fur- 
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ther ttiaii that they were vaoahle. The erratic variation of the light 
of Nova Persei, for two consecutive seasons, is shown in the accom¬ 
panying diagrams. It vinll be seen that the extreme variation of the 
star iii aixiut two magnitudes. The two lower sets uf figures (f. D-) 
are the Julian Dayj those on the side are magnitude. These are on 
Seares's scale. 

It must he borne in mind, however^ that not all the novcC become 
variable stars an regaining their normal condition. Nava Lacertse 
of 1910 (Espiii) , up to the most recent obaerV'atinns after its retiiri] 
to tts original brightness, is perfectly steady in its light, or if there 
is any fluctuatioa it is too simll to he detected by ordinary means. 

One of the first of the novse to be carefully studied with the 
spectroscope was hova .Aungae of 1891- This star w'as discovered 
visually by Anderson in Januan' of Jt was later found that 

tJie Harvard College Observatory plvolographs showed It as early as 
December it>, Though it never became ver\‘ bright^ it gave 

more itifomiation of the physical condition of these Ijodies than any 
previous nova, mainly from tiic fact that the siicctroscope, then but 
fairly starting on its wonderful career, [lided by i>bologTiiphy, was 
applied to the study of its light. We know nothing of the Idstory^ of 
this star before its appearance in 1891.* It probably long ago 
relumed to its ori^nal brightness. There are some suggestions in 
recent obserratians of it that it is now also v'nriable. 

In Its early stage, when in the decline frcini its maximum, this star 
showed one remarkable feature il^t has not been repeated tn any 
other nova. Tn April of iSy;! Mr. Btirnliam followed it with the 
j6-inch telescope of the I.ick Observatory until it got too near tlie 
sun for observation. When he last observed it, on April 26, it had 
faded to 16th magnitude. Having jiassed the sun, it was found by 
Campbell in August of die sanie ye^ir to have risen to g% magnitude, 
and la-as a conspicuous telescopic object; It had apparently increased 
its brightness by six or seven magnitudes. In again fading it does 
not seem to have reacheci the low magnitude at which Mr. Bumhatn 
had seen it in the ia.st of April, 189^, It is now about 14th or i jlh 

* A phcjtograrh rakni hy Dr. Max Wntf at T-lpidelUerg, Germany, tm De- 
cvmLer % 1^91, shows nothing m tlic place of Xovji Aiirifptz a?i hriifht as fhti 
magnitude The star, thereI'prc, inust have maije its appearance be¬ 
tween Uecemtivr S and Decifmber ic\ 1B91. 
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magnitude. .As I Itave stated^ no other nova is known to have shown 
this second bright maximum. 

Some of the novae present very beautiful phenoiuetia, espesrially 
in the wonderful colors they somelimes exhibit in their declining 
phases. At first these stars seem to he while: veiy soon they become 
red anti pass through various colors, finally ending in a nwre or less 
colorless condition, their faintness prev^iing any appearance of color 
in them, lE it existed. Their most beauttful colors^ however, are 
seen in the telescope, usually after they have ceased to be visible to 
the naked eye—if they have bceji so bright as that, I would speak 
specially of two of these stars of recent years w'hicb have shown the 
most beautiful colors. 

In March of 1919 Nova Aquil®, in the telescope, w*as the most 
exquisite and intense hliie^ a color that nu other star in the heavens 
could match. In Septemher, 1920^ Denning^s Nnva Cygni was a 
most remarkable object in a large telescope. At the ordinary focus 
wiLs a white or nearly wdiite stellar image surrounded by a briilianl 
system of crimson rays. At 9 mm. outside the focus the image was 
very' small and beautifully scarlet. It i.vtis stirroimded by splendid 
blue and golden ray^s. In one position of focus there was no central 
image* but a system of rays radiating from the center. For the first 
half of their length these rays were golden, while their outer half w^as 
ertmson. The crimson color was dne to the a Hydrogen line wlttcb 
was then specially strong in the spectnim of the star and gave a 
beautiful scarlet stellar image 9 mm. outside the normal focus. 

The tw’^a great ndva? of recent yearns, Nova Persei and Nova 
Aquike, liave shown in their declining phase a remarkable phenom¬ 
enon — that of a measurable planetary disc instead of the j;tellar point 
which aU stars exhibit. In the case of Nova Aquil* this measurable 
disc lasted for at least two months and seemed to be gradually fn- 
creasing in &ize. On October 5* 19iS, its measured diameter was 
o'".8^ while on December 14 it w^as The disc was shar|)ly 

defined and its light was duU and planetary. Later the star resumed 
the regular stellar image. Aitketu in August and September of 1919, 
found, witli the 36-inch telescope oF ilie Lick Observatory, tliat w^ith 
the telescofNe set for the focus of the nebulium lines and Nj, 8 mm. 
outside the norma] foens. I here was a defi nite dkc ^ in lUameter* 
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IhLs wa.s verified spcctroscopicany by and was ificreasing in 

size. 

Ln a previous paper (J/oflf/dy of th<^ R&yai Axtronami^al 

Society^ VoL J2, p. ^5/3, June, igiaj 1 have critiozed some of the 
theories concerning the novs; the etiLtiunter with a tichidii, the col- 
lision theory'^ etc. In this connection was also criticized the Uieory 
that the apfHirent recession of nebulous matter from Nova Persei was 
due to the successive iUumioiition of the details of a nebula in which 
the star was placed^ by the outgoing light from the nova, Tht.s did 
not seem satisfactory because ft was shown that certain details, such 
as the arrciw head ” in the photographs by Kilcliey and Perrrne, 
were in actual motion away froni tlie star and could not be due to 
light refiection from the nebula. This light reflection theory^ still 
seeros to hold with sutne astronomers. There is much question^ how¬ 
ever, as to its correctness. Recent photographs of Nova Persd have 
been made by LarnijJand at the Low^ell Ob&cr\'aEory% not of the orig¬ 
inal nebuiosittes, for they am gone, but of the new nebulosity of 1916, 
Dectniber 16+ which^ as shown by the photographs by Professor 
Lampland, IS niovii’^ out very^ slowly from the star* This slow mo¬ 
tion, if its sloivness is not due to motion nearly in the line of sight, 
seems to have no relation to the rapid mnvement of the masses in the 
earlier photographs of ipoi, and it certainly can not be identified vnth 
any of the details of those pictures. Nor can the present nehiilows 
disc about the star as photographe<l at Mount \^^ilson—so like a 
planetary nebula—be traced on the earlier photograplis. 

The most satisfactory' theory to account for tlie nova?, especially 
wntli respect to Nos^a Persei+ is that the forces of equilihrium of the 
interior ot the star were disturbed, and that there was an outburst m 
tlie nature of an explosion, which, though it produced the great bril¬ 
liancy in 1901. apparently neither deiftroyed the star nor very seri¬ 
ously affected its variability. 

Summary. 

Tlie novae iisuaDy appear suddenly in the sky, Thdr advent is 
entirely unheralded and it is only in recent years* through pbotc^^ 
raphy, tltat anything lias been knowm of their former existence. The 
reaso-n for tlieir snddqn api>earancc is unknown. It is probalile that 
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for some cause the forces of equilihriuSTt in the star hecoirie unstable 
and there cmxuts a great outburst of light in the nature of a^ ex¬ 
plosion, This does not actually destroy the star, for bier ou, rn the 
course of a few years, it rettims to its original brightness and prob¬ 
ably to Its former physical conditioo. This is shown fay the fact that 
Xova Persd of igoi is-as originally a small variable star. Having 
now r^umed to its original hrightuess, it is again variable^ 

Sotnctitnes in thetr decline from maximtim these stdrs present a 
wdl-defined^ measuraljle, pbnetary' disc and finally become perfectly 
stellar again. Always, at one period of their decline, they present a 
beautiful^ sharply defined, crimsOD image 9 mm. outride the imnual 
focus in such a telescope as the ^o^inch refractor of the Yerkes 
Ohservaton\ This is due to the presence of the a Hydrogen linCp 
which is then strong in their spectra. This always occurs several 
weeks after their first appearance. 

When they first appear they are very white. They soon turn red 
and in the end become white or colorless again. In their decline they 
pass through many very^ beautifu] colors, such as an inteiise blue and 
gold and crimson—colors that no ordinajy' star shows in such ex^ 
quisite purity. This ts all due to the nature of their light, through 
their changing pln^rical condition. 

YEtuCES OsfirarA’niiEV, 

WlttTAMS BaTe% 

April 


the relations of the retinal image to animal 

RELICTIONS, 

By G, H. P ARKER, 
iRfod April J/, 

During the past generatson the iuterpretatJon of animal acdyities 
has undergone a prolotiud change. To the earlier naturalists even 
the simplest animals were supposed to be endowed with sensations, 
preferences, desires, volitions^ and the like^ whkh^ though simplified 
in form, were nevertheless the same as those in ourselves. But this 
sO’caJJed anthropomorphic Adcwpobit was soon found to present tnany 
difficulties, some of w^hich turned Upon new discoveries coiiceming 
man himself^ It was becoiuing apparent gradually that human lac¬ 
ings, in addition to their ordinary mental life, possess a uiiilritude of 
nervous activiries, some of w^hich are subconscious and many of which 
have no direct relation whaLever with consciousness. The more these 
matters were looked Into the more evident it became that our con¬ 
scious activities were limited to a special part of our nervous orgaui* 
nation, to the brain and perhaps even to the cerebral cortex, and that 
much of our nen^ous system had to do with operations quite free 
from conscious complicatTons^ Thus the heartt the blood vessels^ the 
digestive tube, aticl otlier like parts, all of which possess their own 
nemmus equipment^ cxlubit a range of operations of a highly ootnplex 
and responsive kind that may he entirely dissociated from our con¬ 
scious state Sr As these operations are directed tow^ard the successful 
continuance of hie of the individual in which they occur, we are 
forced to ask the question* May they not afford an example of the 
kind of nervous life led by many lower animals whose whole nen^ous 
equipment may then be as devoid of the so^ralled higher nervous 
stales as, our heart or our intestines arc ? An animal thus organized 
would he merely a delicately adjusted creature without desire, mem¬ 
ory, or volition, but responding to changes In its aurnoundings with 
as much certainty and precision as oitr heart or digestive tube does to 
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its en\'ironnf»ent. To this question much of the evidence of recent 
years seems to be shaping an affirmative answer. 

One of the newer lines of e^ridence touching on this point has to 
do with sense organs. These oi^ns are usually regarded as bodily 
parts concerned with providing us with tlie elements of information 
as to tile world about tis. They are thus intimately associated with 
our central nervous activities, But they are known to occur in many 
lowly organized animals, such as tlie jellyfishes and the like, in wliich 
there are no central nervous organs appropriate for such information. 
Tn these animals the nervous impulses from the so-called sense organs 
pass directly to the muscles without first making their ivay through a 
central nervous organ. They serve merely as a means of exciting 
mitscular activity and art concerned in no way at all, so far as one 
can judge, with sensations. Their action is comparable to that of 
our e} c, which, when brightly ilhiminatcd, so responds that the muscu¬ 
lar sphincter in the iris contracts, thus reducing the size of the ptipil, 
\\ith us sense organs have two functions. They deliver impulses 
that excite niuaclcs to action, as in the instance just given, and they 
deliver impulses that serve our central organs in an {nforming way. 
Of these tw-n functions only the first i.s possessed by many of the 
lower animaB. Hence it is without doubt the more primitive, for 
the second function could not have arisen before the development of 
a central nervous organ, a part which, as already intimated, is absent 
from matijr simple animalii. 

To the older naturalists the presence pf a sense organ was suffi¬ 
cient grounds for assuming that the animal experienced sensations 
characteristic of that organ. Thus the recognition of eye spots in 
jellyfishes was supposed to justify the opinion that these animals 
could see. But from the standijoint of the more recent work the 
presence of such an organ merely means that (he animal is especially 
responsive to light, not that it has the sensations of sight, for the 
nervous strands from the eye spot in the jellyfish lead directly to tlie 
muscles and not to a central nervous organ. Hence the so-called 
sense organs of the lower animals, since they arc in no necessary way 
TOncerned with sensations, are more correctly designated as receptors 
in consequence of their relation to the stimulus. 
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Since the so-cdled sen-se or^pms of man}'' of the simpler animals are 
merely devices for exciting muscle to action, and since many of these 
animals possess no true central nervous organs, the responses of these 
admitted, and yet it is also equally clear tlml these higher animals 
liave Ijecn derived from stocks that were purely tropic in their day. 
How have the tmpisms disapfMrared from these Lirtes of descent and 
what are tlie forms of response that represent the transitiod belween 
troptsms and the diversified tnovementa of the more complex aniniftls? 
Some insight into the answer to this question can be gattied by a 
comparison of phototropism and vision as elucidated through the 
retinal 

It is now well recojfnized that maniy of the simpler antmaiSp nni- 
cdlular as well as tnulttcellular, are extremely responsive to light. 
The amoeba creeps away from a sjource of illumination, hydra creeps 
toward itp sea-anemonefl are for the most part photonegative, earth- 
worms ar^ positive to weak light and negative to strong light, and so 
forth. In all these simpler animals the surface of the given form is 
apparently open to stimulation by light in the same sense that our 
whole skin may be stimulated mechanically for touch. \\h^n light 
falls on an amodxt, the formation of pseudopodia ceases on the illumi¬ 
nated side and coutiniieB on the side in shadow; hence the animal 
creatures are of a relatively restricted and circumscribed kind and 
lack the variety and spontaneity' of the reactions of the more complex 
forms. Such restricted responses are represeiUed by forced move- 
rnentSp or more particularly by tropisms, reaction types characteristic 
in general of the simpler animals and consisting of rather direct 
responses of the organism as a whole by moving either toward an 
obvious soitrce of stimulation or away from it. Such responses* as 
Loch has ahundantly shown, are the usual types of movements for 
plants and the lower animals, and, though there is much difference of 
opinion as to the way in vrhich a tropism is accomplished, there can 
he no doubt as to its predominance among the reaction forms of the 
simpler animals. 

If, then, tropisms are the common lypes of response for the 
simpler animals in which receptors are directly connected with mus¬ 
cles, or at most connect with them through a very primitive kind of 
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centra] organ, it follows that this type of reaction must underlie that 
of the more differentiated animals and must have hecTi gradually 
replaced by the kind of operation that we r^ard in ourselves as 
Spontaneous and volitional. That there is aiinost nothing in tiie re¬ 
sponses of the higher animals Lliat recalls; a tropism is generally 
moves away from the light. When sea-anemones are illuminated on 
one side, the pedal waves: begin on that side and spread across the 
foot to tile opposite margin thus carrjuig the animal, without any 
previous adjustment to the light, awa^' from the source of Lllumina^ 
tion. When an earthworm is exposed to bright light it gradually 
turns its anterior ctitl away from the light and, thus directed, creeps 
over a negative course. In all these tropic responses the animal falls 
quickly into line through the influence of the stimulus on the general 
receptive surface of its body and, without the necessary recourse to 
specialized organa such as eyes, it takes a direction in relation to the 
source of disturbaucc. There is not the least reason to suppose, 
except possibly in the case of the earthworm, that these activities arc 
indicative of any sensational or other central-nervous clement what¬ 
ever. They are comparable with the movements of our internal 
organs, such as the heart and the intestine, and from this view¬ 
point they stand at an equally low and primitive level, They are in 
every sense forced movements of the tropic -variety. 

Probably much the same condition obtains in those animals that 
[Lre provided with the so-cailcd eye spots. These are small photcr 
receptors found on various places in different animals. They occur 
on, the edge of the bells of jellyfishea, at the ends of the arms of 
starfishes and around the aboral pole of sea-urchins, on the heads of 
many worms, of arthn^od larva;, and perhaps of some snails. In 
typical conditions they consist of a group of receptive ceils sunk in 
an open cup of pigment, so tlial the receptors are accessible to light 
only from a generally restricted region, the light from the rest of the 
field being received by the outer walls of the pigment cup. Such eye 
Spots are unprovided with devices for forming images, either pupils 
or lenses, (.kcasionally lenses are present, but when such is the case, 
the kns is concerned with the concentration of light and not wdth the 
formation of an image. Such organa have been appropriately called 
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euthyscopic ot direction eyes for the reason that they have to do with 
only so far as the direction of its sonree is concerned and not 
with the possible formatiDn of images. Atiimals that possess this 
type of photoreceptor to the exclusion of other types exhibit perhaps 
the most striking of all instances of phutotropism. The larval stages 
of many insects are excellent examples of this kind The maggots 
of blowRies creep with great precision away from a source of light 
or take a balanced course between two lights of different fnlcnsities 
or at \^ryitig angles of incidence. When one photorecepior is cov* 
cred^ circus movements result. In short, the animal possessed of 
direction eyes shows a photolropism that Is probably purest in its 
type in the sense that it is least compHcated by extraneous factors. 

From the dirtretton eye as a point of departure tis^o chief types 
of eyes liave evolved^ both characterbeed by the rapacity to form 
images. Hence they have been called eidoscopic or image eyes. On 
the one hand, photoreceptive units, each more or less like a direction 
eye, have become arranged as a splterical system, thug gi’t'ijig rbe to 
the comjKitind or mo^ic eye so common on the optic stalks of crus¬ 
taceans and on the heads of insects. < 3 n the other hand by enlarging 
the cavity of tlie direction eye and providing it with a w-all, and a 
pupil or Ictift, or l>oth. a camera eye has Ijcen produced sncIi as h 
seen in many snails and higher mollusks like the squids^ devilfish, and 
&o forth, and in the vertebrates from fish to man. These tw"0 U^ies 
of eyes produce images that are often remarkably rich in detnih the 
image in the cornijound eye being upnghl and that in the camera eye 
inverted. 

When the light reactions of animals that jiossess compound eyes, 
like the insects, for instancep are studied, they are found to be hy no 
means simple tropic responses. The mourning-cloak hutterhy, when 
liberated in a room illuminated by a singlep bright Itghl, flies toward 
the light and behaves in a way to justify the designation positively 
phototrnpic. WTien^ however, it is watched in the open field, its 
reactions are very different* After hying about in the sunlight for 
a wliile, these butterflies come to rest definitely oriented to the direc¬ 
tion of the sun's rays, but instead of being headed toward the sun, as 
a ixjsitive animal should bct they head aw^ay from the sttn in the 
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position of negative phototropism. Here, then, is an aotmtil that in 
fiight is positively phototropic, bat in its resting posture is negatively 
so. These two activities, however, are intimately associated with the 
animal s eiivironindit. The flight to^rard light carries it under nat¬ 
ural conditions to sunlit districts, and its negative position when rest¬ 
ing in sunliglit enables it to display its colors* which in the act of 
mating is a very important and significant step, as any one can observe 
in the open field at the appropriate time of vear. 

Not only is thephototropism of the mouming-cloak butterfly com¬ 
plicated. but the insect exhibits also this peailiarity: that tbotigh posi^ 
tively phototropic when in flight, it does not fly toward the sun, the 
source of strongest light in its natural environment An experi¬ 
mental test of the animal from this standpoint shows that when it is 
placed mid^vay between two sources of light of equal iiitensity* one a 
small point and the other a large surface^ it regularly moves toward 
the large surface. Under like conditions animals without image eyes 
keep an even tonrse hetiveen the two lights^ For the butterfly with 
eidoscopfc eyes the large areaL of less bright light determines the 
direction of movemenLs rather than the small area, of intense light. 
Hence in nature these animals fly from one patch of sunlight lo 
another rather than toward the source of al] light, and thus they may 
l)e said to prefer a place on earth to one in the sun.. It takes only a 
moment^s consideration to rccggnLae how complicated the light re¬ 
sponses of this butterfly are as compared with those of a purely photo- 
tropic anituaJ. 

Tliat the reactions of Insects to light are bmlt up on a background 
of phototropic activity seems to the writer to be perfectly clear. The 
pure photolropic refuses are often strikingly exhibited in the larval 
stages where only direction eyes are present, a condition of affairs 
pointed out long ago by Loeh tn the caterpillars of the Portbesia moth. 
But they arc also easily disclnscd in the adult condition, where they 
are covered at most by a veneer of instinctive activities which repre¬ 
sent in reality modified tropic movements such as have l>een pointed 
out in the nKHiniing-cloak butterfly. Thus Dolley (igr6) has sbowri 
that even in the mouniing-cloak butterfly itself circus movements may 
occur on blackening one eye. and the same is true of the sttU more 
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complex honey bee as btudiecl by I^linnich (1919). And Garry 
(igiR) lia^ recently demonstrAtefS in a most striking way the tropic 
tmture of the pose and locomotion in certain flies. Thus the adult 
insect, though subject to the most dtver&e movements in an illumi¬ 
nated field, has underlying its whole system of response a basis of 
simple phototroplsm. Tins relation is nowhere better illustrated than 
in the blow^flies. The maggots of these flits arc strongly pl^ototropic 
in a negative sense and exhibit those balanced reactions to opposing 
lights that are characteristic of the purest form of photolropism. 
They possess eyes, but these eyes are little more than direction eyes. 
Wlicii they emerge ^ adults, they have w'ell-dcveloped compound 
eyes. Under laboratory tests they are said to he positively photo- 
tropic, but in the field they exhibit such a variety and complEcation 
of photic response as to recall the state of the mouming-cloaL butter¬ 
fly, Bees are without doubt pcisitively phototropic, but their daily 
life in the ilfuminaled field in which they live is as complex in many 
respects as that of a human being. As von Frisch (. 19 ^ 4 ) has re^ 
cently shown, they can be taught to associate color with food supply, 
and It is impossible to e.xplain their lioming instincts without assuming 
mernoHcs, visual and otherwise, of an order fairly comparable with 
those found in die %^ertebrate. Thus many insects, though funda¬ 
mentally tropic in their underlying nervous organisation, have built 
upon this organization an immense superstructure of reac±fDn types 
mostly of an instinctive kind that obscures and hides the original 
simple tropic scheme, TTiis overgrowth in phototropism h dependent 
upon, first, the development of an esdoscopic eye whose image is ricll 
in detail, and, secondly, upon the development of central nerwus 
organs capable of caring for such detail. In tliis respect the insects 
offer rcniarkahle transition forms between the purely phototropic 
simpler organisms and tliose in which phototropism seems to have 
vanished completely. 

It is a fair question to ask whether vertebrates exhibit any trtipic 
responses whatever. Most students of this subject w^ould ansiver 
this question, I imagine, in the negative. Yet it is very difficult to 
explain, for instance^ the [ceding habits of the dogfish wnthoul assum¬ 
ing a tropic basis^ When hungry dogfislics are liberated in a pool 
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In which food is hidden, they sweeping the boUcini in mpid 

circular niovenietits, lumEng now to the right and now to the left. 
If both nostrils in the hsh are closed with pings nf cotton, these 
movements do not occur. If^ now, one nostril is freedp the circular 
fomi of locomotion returns with this pecunarity, however, that the 
circles arc now almost always in one direction — Le., with the free 
nostril toward the center. Plainly the dogfish scents its food and in 
hunting turns, as animals exhibiting tropisms do, in the direction 
appropriate for the more intense stimulus, llius the dogfish shows 
responses that in every Imve the earmarks of a tropisrm This 
conditionp howeverp is very exceptional, for in general the responses 
of vertebrates to theJr environmetU; as every one knows, resemble 
vastly more tfiose of the more complex insects than they do the tropic 
reactions of the simpler organisms. 

A remarkalile form of vertebrate response in this particular is the 
instinct shotVTi Ijy newly hatched loggerhead turtles to go toward the 
ocean. It is a most singular spei'tacle to see a dozen or more of these 
newly hatched creatures scramlik across the horkontal surface of a 
wharf directly toward the water which, in consequence of a raised 
wooden edgCp they could not see and with which they had liad no 
previous experience- WTat determined their direction of motion was 
at first sight very difficult to say. After some trials, however, it was 
found that they commonly went a^vay from any large diversified massp 
especially when it occupied a pan of the horizon line, and they as 
commonly went toward a uniform and uninterrupted part of the 
same line. Their first steps in this operation were extremely inter¬ 
esting to watch> When a young turtle is placed in piositiou to move, 
he quickly raises his head, makes a complete turn through a whole 
circle to test out apparently his suiTOurLdings, and then takes a 
straight course toward tlic dearest pan of the horizon. That this 
reaction has of necessit)^ nothing whatever to do with the ocean can 
be shown by starting the turtle near some high shrubbery, hut on the 
side aw^ay from ihe sea and toward a free, open fidd. The animal 
will then move away from the shrubbery and toward the open field 
with as much certainty as it had previously done tow'ard the M^ter, 
though in this in.slance it is plainly moving away from the element 
which ordinarily it w'ould expected lo seek. 
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The nqtumj response of the turtle to the sea b so obviously in- 
stinctive and so ttniforEi that it presents all the superficial traits of a 
tropism, but when it is looked into, it appears to be a very precise 
form of instinctive reaction to the detnib of the retinal Linage. When 
loggerhead turtles were tested in a dark room provided witli a single 
lights they went neither toward the light nor away from it, but re¬ 
mained for ihe most part quietly resting where they had been put* 
Contrary to the view expressed by Hooker (igu), they are not 
photolropic. They are active when their retinal Eelds are full of 
detail and they move toward that part of tbe field in w'hkh the horiaon 
is most open. Under nalural circumstances this usitally brings them 
to the seaK but it does not necessarily do so, and it 15 in no sense a 
true tropic r^dnori. The young loggerhead turtle exhibits^ tlien^ an 
activity that superficially resembles a troptsm, hut that in reality is 
vety^ dilferent. lu this respect tbe animal declares its higher nature^ 

Most vertebrates respond in vciy precise ways to the details of 
their retinal fields, 'rhus frogs and toads will seize and swallow 
almost any small moving object, be it a pebble or a bit of wax 
attached to a stringp or a living insect. The motionless inscct|.like 
the motionless tiebblc, escapes. It is something moving in a field 
othenvise quiescent that excites the reacdou. This reaction is de^ 
pendent, the re fore, on a detailed retinal image associated with a 
liiglily differentiated central nervous apjiaratus. 

By a strange coincidence a frog through a simple operation may 
he reduced from an aninml responding in the highly complex ivay 
just described to one that re.acts after the styde of pure phototroplsm. 
Frogs, like most other animals of their class, are sensitive to light 
through the skin. If the anterior part of the head of a frog is cut 
off transversely just behind the eyes, the operation dejirives tbe ani¬ 
mal at once of rcLinal images and of its higher nervous centers. 
What is left of the animal still responds to light, bnt only througli 
the skin and by means of a much simpler central apparatus than it 
had before the operation. Such a frog will maintain a natural sitting 
posture* and, if near a window^ it will turn till it faces the tight* after 
which it will commonly move forw^ard from time to time toward the 
window. It is in no way excited by Euiall moving objects about it, 
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but it presents all the appeaiances of a simpler positively phototropLc 
anrmaJ. Us transfonnation is irtosl perfect and complete. Here, 
then, the influences that cover over and obscure the fundamental 
tropisms have been removed and the animal is reduced to that state 
which in a way was probably characteristic of its remote ancestry. 
Thus by a simple operation a highly complex vertebrate may be 
reduced to a Bimpk tropic animal. 

If this outline represents the true course of events^ it follows that 
vertebrates react in ways other than tropic in consequence of their 
enriched sensory fields, whose details ate relatively enormous as com- 
pated with those of the simpler animals. This is especially true of 
the retinal fields. Such enriched sensory relations have induced in 
these complex animals the development of a vastly intricate central 
nervous organ, and on these two dements, the complex field and ibe 
intricate center, are based the possibilities of the sensations, mem¬ 
ories, volitions, and other like activities that give diversity to our 
performances as compared with those of the simpler animals. 
Though vertebrates shovr little of the primitive tropic responsesr the 
insects afford inlertstin^ examples of balanced forms of behavior in 
which, though the tropism is clearly discernible, the higher type of 
response, the response to detail or what may be called the singular 
response, is clearly visible, 
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SOME TOPOGRAPHIC AND CLIMATIC CILARACTER!a IN 
THE ANNUAL RINGS OF THE YELLOW PINES 
AND SEQUOIAS OF THE SOCTTHWEST. 

Bv A E. DOUGLASS. 

The material Iiere preset]led is part of a lan^-cantinued investi¬ 
gation of historical data contained bi the annual rings of trees. Sxich 
data naturany are bupresBed by the environment, and the factor of the 
fatter which interests us most is the climate. In this study as a 
whole^ some 500 trees have been used, scattered in groups from Cali¬ 
fornia to Austria. About iiO.ooo rings have been dated and meas¬ 
ured. The conclusion hitherto readied may be stated in a few sen¬ 
tences. First: the rings in the groups studied may be dated with 
practical ccrtainti^ This is not intended as a general statement for 
all trees in the world, because the identification of rings seems to 
uicrease In difficulty as the snowfall of winter decreases. Second* 
the yellow pines in the dn^ climate of northern Arizona give in their 
rings a ram fall record of considerable accuracy, namely, 70 per cent, 
in groups of trees ncsir the ratnfaU record station. This is increased 
to an accuracy of some 85 per cent, by the application of a simple 
formula for conservation. Third: certain grotips of wet-clbrate 
trees, especially about the Baltic Sea, give a very exact record of 
solar activity, as indicated hj the relative sunspot numbers. Fourth: 
the rings in certain wooden beams used in prehistoric construction 
can he made to give us certain chronological facts. For example, it 
has been shown by this means that the old ruin of Ptteblo Bonitu in 
northwe-st New' Mexico is fortj' to forty-five years older than that of 
Aztec, some filty miles north of it. Fifth: three mechanical aids 
have !>efcn developed^ a tubular borer for scctiring a core extending 
from the outside to the center of a beam or a tree, a recording micro¬ 
scope slide or micrometer for measuring ring widths, and a cycloscnpe 
for rapidly determming periodic effects in a plotted curve, Bv this 
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kst instrument as many as 34 cttn^es pf 500 ppints each have been 
tested in otic day for all periods between 5 and 32 puints; in this the 
ctir^^es were taken entire or in any nurnher of parts. 

At tlie present development of ihe investigation a review of the 
topographic effects observed in the trees seemed necessary, h'or siidi 
purpose a group of some 21 seqiiofas which liati grown in Redwood 
Basdn, (5 miles east of General Grant Kalional Park, Fresno Countyi 
CaJifomia^ was used. It is understood that these trees had been cut 
down^ and that radial pieces were cut from tlie stomps, shipped to 
the laboralOTV' at Tucson, and tliere identified and measured. The 
trees were scattered for n mile along a valley w^hose steep slope was 
toward the north. The upper end is near the top of tlie mountain, 
but a spring supplies a small stream of water. The upper trees 
mostly had a very^ dry^ saih while those below^j some 600 or 700 feet in 
vertical measurement, had more level ground and greatly increased 
moisture. Tlie average growth per century in the last 500 years w-as 
about 7.6 cm. The least less than 4 cm, and tlie greatest was 
over I =i cm. The big-growing trees were mostly close to tlie waiter- 
course in the lower basin. Tlie average growlers were mostly around 
the edges of the hasinn while the slow-growing trees were chiefly at 
the tops nf tlie sloiies. Af] this w'as as expected. Three larger 
growing trees close to the upper limit formed interesting exception5. 
One was an infant sef|Uok. only 700 years old when cut. and there¬ 
fore naturally a fast-growing tree. Another at the veiy highest point 
was about fifty yards above the spring and undoubtedly lapped an 
underground flow of water leading to it, hs type of rings was very 
similar to those lii the basin. Tlie third exception had very^ large 
rings, but tliey were full of sensitive li^riatbns like the stow-growiug 
trees near by* That tree is probably over a pocket of w'ater whose 
help increased its growthn but which failed in extremely drv condi- 
taons. It is evident, tlien, that wdlh the sequoias moisture may control 
the gro^vtb up to a maximum fully four times as large as the 
minimum. 

The type of ring and its adaptation to identification and study 
varies greatly with the moisture supply. The large rings of the 
quick-growLng trees are cither very complacent—that is, oE the same 
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itze far many years in sucecs5ion—or gross in character, which means 
extraordinarily large rings here and there and the whole gTouping 
apparently subject to slow surges in siac as one glances across the 
sequence from center to bark. Gross rings in one tree have about an 
equal chance of appearing or not appearing in smy other tree near by. 
Since gross and complacent rings have Ijttfe individitahty, it is not 
always easy to identify their dales, especially if the outer layers of 
wood have heeu cut away as was usually done in felling the sequoias. 
On tlie other hand^ the slow-growHng, low-moisture trees are full of 
snappy irregularities which may be found in tree after treep thus 
rendering accurate dating a remarkably easy process. It is also 
immediately evident that these latter sensitive trees giv^e short-period 
^’ariations far more accurately and effectively than the complacent 
trees. 

A study of nxles of growth in the last five centuries of these 
twenU'-one trees shows that often basin and upland trees vary to¬ 
gether^ and that in coniparisou with the others the wcU-wattred trees 
show' no lag of more than three years. Certainty in regard to no lag 
at all has not yet been reached. 

Out of these latter tests lias come the most interesting fact of all 
to students of cycles. Tlie yellow pines nf northern Arizona^ much 
more sensitive than the uptRod sequoias, show the hJsttpry of the 
eleven-year sunspot c>xle in a prominent manner, even llioiigb olher 
cycles are present. The fairly sensitive upland sequoias show' the 
sunspot cycle, but other cycles arc more prominent, and the eleven - 
year period 1ms lo be traced in multiples or harmonics tn overcome 
the various interfereTtees. But the complacenl rapid-growing se¬ 
quoias show' the sunspot cyde only here and there, and so far no 
certain way has been found of tising them in studying ihe history of 
that cvxle, 

ThLs brings us lu the couridcration of the cycles fn tree growth 
as climatic products. TTie ring itself is a result of the seasons. 
Variations in the rings m 6ry clmiatcs are found to match the rain¬ 
fall. But the rings display marked cycles, and if these also can be 
interpreted as climatic, they are likely to prove of great asristance in 
studying climatic s-ariations, because they stretch over great historic 
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penDtls* The first line qf evidence naturally is to compare the cycles 
in a tree sequence with cycles in rainfall TCdnrds near by. This is 
done successfully witii the Prescott trees, hut the period over which 
such a comparison can be made is under half a century, and that is 
too short for satisfactory' results. These trees show a /.y-year cycle 
and the elcven-year sunspot cycle. The rainfall shows the sunspot 
cycle and a y.y-yfflr cycle, hut tlie latter could be ititerpreted as any¬ 
thing between 5-5 and 8 years. 

The fieitt line of evidence depends tipon the area over which cvcles 
may he traced, for the common environment over a large area is 
climate, A test has been made between ten pines in southwestent 
Colorado, nine pines in northwestent New Mexico, lift)' miles aw'ay, 
and nineteen pines at Flagstaff, Arizona, 200 miles southwest nf the 
other groups. These three groups are largely identical in their cydes 
for the last two hundred years or more. This gives us much confi¬ 
dence that these cydes are real and are climatic in origin. 

But still further evidence comes from a purely historical source 
and is of a kind full of interest on its own account. Professor E, W» 
Maunder, of England, in a recent letter, called attention to the pro¬ 
longed dearth of sunspots between 1645 i/fj and judged that if 
there were a connection between solar activity and the weather and 
tree growth, this extended minimum should show in weather condi¬ 
tions and in the trees. On receipt of the letter this period was imme* 
diately recognized as the interval in which the greatest difficulty had 
been found in tracing solar effects. In fact, m 1914, when the writer 
was trying to trace the history' of the solar variations in the yellow 
pines, the difficully between those dates almost led to the view that 
the trees were not giving this cycle. A present rtriew of the eleven- 
year period in those trees confirms its well-marked e.xirtenct from 
before 1400 to the middle of the seventeenth century. .Soon after 
1700 it reappears, hut not in complete form until the latter part of 
that century. 

riic test yj^ Ehen carried to the setiiioias aird two diffictilties were 
encdtmtered. Firsts it was found that the sbw-growiiig, sensitive 
upland trees were the ones which displayed the solar cycle, and, 
second, the interference by other cydes was such that the double 
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period of about twenij-three years was a more satisfacton^ means of 
tracing the vki&sjtudes of the solar period. When these coortidous 
were observed the same result was obtained as before from Arizona. 
The twenty-three-year period, in fact, begins to show cimnge about 
1635 instead of 1645 and oontinue?^ on a ten-year cyde to the neigh¬ 
borhood of w^hen the double sunspot period is resuniccL Prob¬ 
ably more and more evidence will be brought to bear on tins point. 
Almost at the time of writing it is noticed that the Vermont hemlocks 
show a ten-year period from their beginning in 1654 to well on in 
the middle of the next centuiy. The eleven-year period begins to 
show- at about tyoo and becomes dominant in the latter part of that 
century. Modifications w-ill doubtless be made in historical review 
of evidence in tlic trees of the prolonged dearth of solar influence at 
that time, hut the evidence, so far as it goes^ is wholly in favor of a 
pronounced effect in the growth of trees. 

This correlation found in response to Professor Maunder's note 
therefore led to two results. First, it seemed to confirm strongly the 
idea that the cydes in ific trees are not merely real, but they are 
rebiled to weather elements and to cosmic causes: and, second, it gave 
added wcEght to the provisional history of solar variation derived 
from a shidy of the 3^200 }'ears of sequoia growth. There has not 
been enough time yet to review that large mass of measures and 
derive a satis facEory history, but m conclu.sion a brief memorandum 
upon that point will be of interest. It is probabk that from ijOo 
B,C. to well after 1000 B.C, the sunspot Ery^le w^as w-ell developed i 
then it slowdy decreased. From 300 B.C, 011, it was increasing and 
w-as very conspiojous during the first two centuries oE our era. 
Then it decreased and from 400 to 050 A.D, was only occasionally 
evident From 650 to 830 or 900 it seems fairly continuous. Then 
it appears only occasionally until about 1250. when it again became 
fairly continuous with the changes in the seventeenth century' above 
noted. 

Thus there seem addilionai grounds for regarding the trees as 
sitpplying useful historic data and giving us long ranges of time over 
which to study the i-agaries of our fickle climate. 

In summ.arizing one notes a strong topagraphle effect in Ehe trees 
of the Sniithw^est^ as expected ; the maximuni growth in wclbwatercd 
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ground is four titneis the minimiim in dry ground and is accompanied 
by profound differences in tyxie of ring; the eleven^year solar period 
(of fbe dotible-cTested, dry-climate type) shows with rapidly mcreas- 
ing distinctness as one passes from the complacent, motst-grotind 
trees of the basins to the very sensitive, dry^U trees of the uplands 
and of Arizona. Tlie climadc feature considered in this paper is the 
reality of certain possible climatic cycles found in the trees- That 
these cycles are real is attested by the extent both in time and space 
over which the>' are traced. This conclusion enables us to trace in 
the rings of the sequoia a provisional outline of solar variation for 
the last 3 jOoo years. 

STtLWAan Obsehtatorv, 
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THE EFFECT OF DILTiNAL VARIATION OF CLOCK 
RATES LTPON LONGITUDE WORK. 

By R. K. tucker. CE. 

{Read 

In dealing with the question of a diurnal ^rariation of clock rates 
it may be necessar}' to introduce some reservations—^to employ the 
language of recent diploimtie conferences. 

These reservations are mainly covered by treating the phenDtneiia 
as those of obser^Tition, and still further htnidtig the data of observa¬ 
tion to the nieridiafi circle transits of stars. 

Either our clocks run faster at night or there arc systcniatit cor¬ 
rections to OUT observations that have not been detected nor applied. 

Such systematic corrections might he due to errors of observ^ation 
and reduction, or to some periodic term affecting the position pf the 
meridian. 

The hourly rate of a clock, ccmTfmted from transit observrations 
during any period of a night, win always differ from the average 
hourly rate during a period oE one day unless, hy a rare chance, the 
accidental error of phservatiDn exactly balances the error of the 
ado[ited right ascensions. 

These two classes o! error are of nearly the same order of magni¬ 
tude as regards their accidentaJ cdiaracter. 

For instancE, the right ascensions of Nrwcojuh, a^ tabulated in 
the Ahurrkiiii Epftnucris^ have average accidental errors of at least 
± oV02 per star. 

The probable error of an observation wdlh our instrument is quite 
precisely :+:cf-Oj2. 

With any niiml>er of stars used^ tlie prol>able error of an observ^ed 
clock correction, and that of an ohservTd rate, would be made up of 
virtually equal errors of observation and of right ascension. Of yet 
greater importance in deriring hourly rates ate the systematic errors 
of the adopted right asceusionSp since these can not be diuiinished by 
increasing tbe number of stars observed. 
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Both clai5ses of error can be eliminatetl hy obsen-mg the same 
stars in each hour of right ascension, and closing s cycle of observa¬ 
tions in which every hour has been included. Also same sv&texnatic 
errors of observation, such as that due to magiutude equation, are 
elfininated in the cycle. 

The average systematic error of New dome's right ascensEQns at 
this date Js not far from z*z cf.02 per hour. 

The average difference between two ccinsccrutive hours is smaller 
than the average per hour^ since the systematic errors are periodic in 
character, appraximately of the form, —o *.03 cos a + o'.oi sin a. A 
comparison of the right ascensions of Newcomb in the 
Efheiitens with those of Boss in his Prc/ioiipiaryr General Catdogne 
gives an indication of the dtaiacter of the systematic errors to be 
antidpated. 

For 335 stars at present under obsen'ation here^ betweeti 37° 
north declination and 30® south, tlie average difference is :±op. 022 
per star. In hourly groups the average difference is zt 0^.006 per 
hotir^ Differences between individual stars are evidently mainly 
fortuitous,* This does not imply an absence of sysletnatic errors, hut 
does indicate that the systematic errors of the tvi^o authorities are 
similar* The a\*erage difference between two consecutive hours is 
It 0^,010 for the two lists. 

If we use tJie right ascensions of Boss, the computed hourly rate 
of a dock wih differ o“x5io from the hourly rate computed with 
Newcomb's right ascensions, tn the average, and may differ more 
than tw ice that amount. The right ascensinns of Boss appear to 
have the relative Tvclght 3* ti as regards accidental errors, and weight 
3 11 p for Systematic errors* 

The later fundamental system of Auw^ems appears to he as precise 
as that of LSoss^ both as regards accidental errors and systematic 
errors. 

NnwcDMB^s System antedates the other two by about ten years, 
Tf we include as dock stars only those within 15° of the equator, 317 
in numher* the average differences between Kewtomb and Boss are 

♦Tlic difference eVooS for an average uf ij atari fH*r hoiur correinonil- 
tn the average difference DI 0^.022 per star. 
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nearly the same as those above, Lmt the mean difference is B — .V= 
^ 0^while the niean difference o f the tnore widelv extended list 
is less than o".cxji. J^lany of these stars close to the equator were 
not included in our obsendng- pre^fam, since the hnervals het^-een 
successive stars were often loo shorL 
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From our ahserv'atians extending over a period of a quarter of a 
century the mean excels of the hourly rate at night over the average 
hdiirly rate during one day is oi*.oo6. This corresponds to a variation 
in the datiy rate of an atnplEtnde of approximately 0.3 of a second. 
The difference het\^^eeri observed and interpolated dock corrections 
wouJd be a maximiiTTi for an inten.'al of six hours, and would amount 
to over 0^.03, Double this difference would occur between the ob- 
serv-ations near sunset and sunrise, and an observed difference of 
o"*o6 has been found between dock corrections at those epochs of 
the day. These numerical results are still subject to revision, as more 
precise values are to he anticipated from our current series of 
obsens'atlons. 

In fundamental right-ascension obscrvatiuns differences of thi^ 
sue should occur^ hut the alternate ohservalions of groups of stars, 
twelve hours apart, has smoothed out this effect in our adopted 
systems. 

It is not often necessary^ to carry the daily rate forward more 
than two hours except in fundamental work, and the dilTerence be¬ 
tween daity and lioiirly rates would rardy introduce an error exceed 
ing ovot. 

It has been our custom generally to adopt the hourly rate derived 
during the period of ohseriaticin, when that period Ls of sufficient 
length, in reducing transit obser vat tons. The results thus obtained 
conform to the adopted right-ascension system^ with its errors in¬ 
cluded. The actual performance of the clock has been of secondary 
importance in deriving the right ascensions. 

* [one Bear] « Hrrtulh. mistake itt P.M. 
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Changes Df tenip^Lrattire in our well-protected dock cases Have 
had no sensible eifect upon daily clock rates far short periods^ such 
ns one day, with which we are here concerned. 

Ordinarily the range is less than one degree, and nearly always it 
is progressivct so tliat the tempemtnre at night falls bet^^een those of 
sticecssive days. 

The variation of alroospheric pressnre^ as recorded by the barom¬ 
eter^ aifects the rate of a pendulum clock not hermetically sealed* 
For our Itiefler clock, installed in 1907, a change of one inch in 
atnusphcriE: pressure changes the daily rate o*.46. 

In our fine snmnier weather the average barometer reading at 
midnight is 0.04 inch bdoar that at noon^ and the lowest reading ccon- 
monlv occurs in the early morning, following midnight In fine 
weather in winter the reading at midnight is 0,01 inch below that nt 
noon, and the lowest readings occur in the afternoon. 

The sTimmation of the hourly excess at night has been divided 
into two periods, corresponding to the use of tlie Dent clock* utisealed 
up to 1907, and the use of the Riefler, following that date. 

The first period gives a mtan hourly excess of (>*.007, and the 
second period gives 0*^004, The difference betw'een the t^vo results 
and the mean results are too large to be accounted for by the variation 
of the atmospheric pressure* 

The obsen-ation of dock corrections and rates during the night 
hours should be uninfluenced hy any possible deviation of the meridian 
plane* due to barometric or thermal gnidients in the atmosphere, iiuch 
as might he suspected at sunset and sunrise* 

The effect of such gradientB has been found to be ver}’ small, even 
at these epochs of greatest distnrhance. 

Exerts OF Hfluw-V Ratts at Night* 
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The weighla have been assigned according w the number of nights per 
jeaTp and the aumber of stHra per nighL 

Small undetected progressive changes tn the position of the m- 
strument would be represented in the cominited clock corrections and 
rates. The changes in instrumental eorrcctiofiB were usually meas¬ 
ured over a period of at least four hours. 

Tt is hardly credible that uniform progrEsaive changes would per¬ 
sist undetected in this long term of years if they were of stiffident 
size to account for the hourly rates as observed. 

To explain the sunset and sunrise results, systematic differences 
would need to be of a decided character. Instrumental corrections 
and the indications given by the mire readings have liad careful 
scrutiny in this connection. 

Physical or mental fatigue might be presiiTned to affect the per¬ 
sonal equation of tiie observer, and thus influence the computed clock 
rate. The effect vroiild more probably produce erratic results* with 
larger accidental errors of observation. 

The reaction limes at sunset and sunrise would necessarily be of 
quite different character, also* from those at nlghl to make plaustbte 
this explanation. Our current series of ohservadons wdll give a test 
of such a possible effect* as we shall ha%'E mean hourly excesses during 
periods of six consesmtive hours, in each of which the s}"stematic 
errors of right ascension will have been eliminated. 

A diurnal term in longitude, simdar in character to the fourteen- 
month variation, would produce a diurnal periodic v-ariarion in clock 
corrections and rates* as observed. If the masitna occur at sunset 
and sunrise, the most rapid changes would occur at noon and m id- 
night. 

Qocks do not run over long periods of time with the nnifonnity 
requisite to test the fourteen-mronth term, arid we derive the Imig- 
term variations in the longitude from the corresponding observed 


OF CLOCK KATES UPOJI LO\'GmjOE WORK! 


12^ 


variations of latitude. But any good clock can be relied upon during 
a period of one day to test a diurnal variation. 

If there ss a physical cause for a diumal TOriation in our observed 
results, the best clocks will give the best defined variations. 

Since latitude observations with the zenith telescope have been 
coniined to the night hentrsH we can nut ex^ject much contribution to 
the solution of a diumal tortn from that delicate differentiaJ iuHtru- 
ment. If the niaxinm of longitude variation occur at sunset and 
sunrise, the maxima of latitude variation should come at noon and 
midnight. 

The current observations at the international zenith telescope sta^ 
tions are made in tw'O groups^ at nearly equal intervals each side of 
midnight. 

Tlie dosing error of the groups, wliich is about o’’.:’ distributed 
among twelve periods, might he due to a VTiriation with a daily maxi¬ 
mum that does not fall exactly half between the two daily 
groups. 

At your neighboring institution, the Flower Observatory' of the 
University of Pennsylvania, a distinct difference in latitude results 
w'as derived by Prof. C. L. Ekmlittle between early and late hottrs of 
the night. Tliis difference could be attributed to an error in the 
adopted constant of aberration, and a correction (o'^.oS) w'as com¬ 
puted by that most thorough and capable observer* It wdll be recalled 
tliat the zenith tdescope obaerratious bav'e pretty uniformly given 
larger values for the constant of aherratian than those derived from 
other sources. With the %^lue of the cQnstant^ 5 q'^. 474 only one 
quarter of the difference derived by Prof. Doolittle w^ould l>e ac¬ 
counted lor. 

Observations with the prime vertical instrument by M, Jean Boc- 
cardi, at the Turin Observatory, in 19^, were designed to show' a 
differential effect in latitude results during the night hotirg. 

By comparing the observed differences between stars separated 
about three hours in interval, through a cy^cle of nearly one year* he 
deriverl a cosine temi wdth an average coefficient of o*',07* 

The extensive series of prime vertical ohservations of d Lyrtir at 
the U. S. ?va%'tkl Ob3crvator>^> seventeen hundred observations in 
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nineteen vears, nxMbk a difference of between declinations 
measured by day and night. 

Corrections to the adopted constant of nutation were computed 
from this series, from both day and night nhservations combhiedp Emd 
f rom the two periods of the day separately. 

The first of the solutions mentiotied gii-es a correction of +0^.03 
to the constant 

To return to meridian circle results, our fundiimenta] work during 
the years 1905 tp tgoS, and in 1916^ has given us the observed lati¬ 
tude at all hours of day and night. 

Ov'er one thousand observations have been combined in deriring 
the following dinnial term. More than one quarter of the total 
number art of zenith stars, close enough to the zenith point to he 
obseni’ed facing either north or south for the measurement of bisec¬ 
tion error. 

A somewhat larger number are of stars bright enough for day¬ 
light observation, divided into groups for w-hlch the means are close 
to the zenith. 

The stars a. Andromed^e and Folans furnish a third of the total 
number. 

Observations of Pi^larij and fS Ur see Mimris are the only ones 
for which corrections for the ditimal variation of refraction are of 
importance. This correction has been derived from observarions of 
stars at large zenith distances on both sides of the zenith, and the 
solution is independent nf tlie latitude and its vTirktSon and of the 
nadir readings* The diuma] variation in the atmospheric refraction 
at this station is approximately one per cent, of the total refraction. 
A separate solutiDn for the diurnal term had heen made from the 
zenith stars only, before including the results from the other stars. 
Errors of refraction couJd play no part in this solution^ vvhich gave 
the same tmmerical coefRcient as llte solttdnn from all the stars, within 
one unit in the third place of dcrimak. 

The observations are nearly e\^enly dislribiUed betw^een daylight 
and night hours. 

Al] have been corrected for the latitude variation of long periods 
from the results of the international zenith telescope stations, exclud¬ 
ing the 2 term. 
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The diurnal term given by these observations fs -|-0^.14 cos T* 
where T is reckoned from noon. The soliilbn gives also a small sine 
term, with coefiidcait which docs not appear to be distinct 

enough to adopts TIie cosine term is less tJian one half the difference 
in the observed dock corrections at sunset and sunrise. It ia uf the 
same size approximatdv as that of the fourtem-month term of the 
latitude variation. 

Since the axis of figure of the earth does not coincide with the 
axis of Totadon of the earllip the pole Oif figure makes a daily re^'oltt^ 
don about the pole of rotadon, Tlie pole ol figure ad^^ances only 
o*.8 on its cur^T^ representing the louneen-nionth rotation, so the 
daily revolution will be nearly circular. 

If the deviadon of the two axes is constant during a day; there 
could be no resultitig variation of laduide, according to the accepted 
defitiidon of that cmirdinate, assuming that the axis of rotation docs 
not shift its posidoti during the same period. 

If l!te position of the instantaneous axis of rotation of tile earth 
with respect to the celestial sphere stiH requires correction^ dq^ending 
upon an error in the adopted constadt of nutation, these sev'cral 
anomalies of observation may possibly fje reconciled with theor}". 

As observations of this character Itave served to determine our 
astronomical constatils* modem refined observations may indicate a 
need of revision of the values, 

Ihe test should he sought in fundamental obser^-ations with the 
meridian dreic, since the full amplitude of ^'ariations can be more 
effectually ohsen^etl while other ctasses of observation have given 
mainly tests of differciilial changes. 

Since alierratiDn has minimtim effects upon transits of stars near 
sunset and sunrise, and also rntnimuiu effects upon zenith distances 
of stars near noon and tnidnight^ the two diurnal variations in nur 
results do not appear to indicate any correction to the constant of 
aherratiqn. 

The diurnal term in ohserved 4 - may indicate a sm;i]l correction 
(o'^.0:2) to the constant of nutation. 

The solution of a diurnal term is cotnmonly involved with that 
of an annual periodic term, when dealing with observations of any 

not uiEK, rHUt- voi. xu^ j, Aun, ji, 1922. 
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star at all hours of the day, but the observ'ations of Polaris iudude 
many oDDsecutive transits at opposite culminations. 

The variation in clock corrections or rates is distinctly of a 
diurnal character* 


Diua^'AL Te£ii is Latitude Vaktation. 
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The latitude from this p^irtial suiintuition of our fundamental 
observations is ^,, = 37* 20* 25'*.6, This was the value derived from 
the first effective meridian circJe vrark here- Previous to the begin¬ 
ning of that work^ in 1893, the adopted latitude of the instmmenL as 
furnished by the U. S. Coast and Geodetic Sarz^y^ w^as a full second 
of arc smaller. This difference could be dne to the errors of declina¬ 
tion of the stars employed in the earlier determination, and to the lack 
of corrections for the periodic variation of btitude. 

As to possible sources of sj'stematk error in our zenith distance 
observations, there might be a sensible difference between nadir read¬ 
ings during daytime and night. 

This would probably not appear as a periodic term^ howesTr* AH 
accidental errors, even those of circle readings, are larger in the day¬ 
time. 

It is more difTioilt to concede the probability nf a shift in the 
zenith point, due to a variatfon in the refraction at the zenith. Espe¬ 
cially IS this less probable during the night hours, wtien the atmos¬ 
pheric conditions are most stable. 

Whether Dnr observed periodic variation is in the clock rates, or 
in some term affecting the position of the meridian, the determination 
of the difference of longitude between two widely separated stations 
will show the effect if the phase is the same for both stations. 

Tlie usual procedure for an exchange of longitude signals is to 
ohserv^e the same list of stars at each station, in order to eliminate 
errors of right ascension. 

If the stations differ 90'' in longitndep the rate nf one clock W'SlI 
be carried forward six hours to the epoch of observation at the other 
station. 

If ihc established daily rate of the dock be used, the accuuniilated 
error would amount to 0^.03 in this interval. 

Eveiy* €3cchangE of signals would have this error* but if signals 
are sent hours during one day the errors would occur in 

pairs, two successive plus errors being followed by twn minus errors. 

The double amplitude of o".o6 would occur in two consecutive 
exchanges, twelve hours apart. 

If two stations differ iSo® in longitude* exchange of signals every 
six hours would give differences allcmately of o'.od and zero. 
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If w? inks ^ between Greedwich vid n sta- 

tiod f>o” wt^t, and the group of stars is obsen^ed at midnight^ the 
derived diffcrenee of longittide would be 0^.03 rn error^ but no differ¬ 
ence in the exchanges at both epochs of observation would appear. 
If the group of stars were observed at sunset at each station, the 
errors of projected clock rates would be of contrarj^ signSp and there 
should be a difference of Gf.o6 in the exchanges. 
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If the phase of variation ha'j a constant epoch, the maxima would 
occur at the same instant for all stationSp and the exchange of signals 
would exhEbit no changes- 

Without regard to the true difference in longititde, an exchange 
of dodc signals at intervals of ax hours through one day, betwceri 
two stations QO* apart, may furnish a test of the phase of the vari¬ 
ation, if it is in dock rates. The only necessary conditions are two 
clocks with well-established uniform daily rates and the requisite 
precision m recording the signals. 

It IS hoped, and even hopefully expected, that a transadadtic 
record of the wireless signals from Bordeaux may be employed for 
this purpose. 

Our current series of ohsermtiotis should have a weight of ten 
per night, as compared with the earlier work tabulated above, since 
there are about eighty^ stars observed m each period of sis hours, 
while most of the earlier work included but eight stars in periods of 
four hours. 

W'liatever the result, wdien we dose the cycle of observations next 
September the weight will be assumed equal to that of al! the pre¬ 
ceding observations. Tins policy is Justified by the rigorous atten¬ 
tion that ia bebg paid to the necessary details of program and of 
reduction. An interchange of stars or the loss of a single ubservatfon 
wmII always mask, if not mart the effect of the small correction we 
are sifting out. Nevertheless there has been, peraonally, a convincing 
effect in the weight of evidence of the old work, from which these 
variations emerge as a by-pnoduct—to close with an industrial figure 
of speech. 

Lick Ohshhvatoryj. 

Mt. HAMTl-TtlN, CaUT. 


ECOLOGIC AND MORPHOLOGIC STUDY OF THE 
CLOVERS (TEIFOLIUM). 

By JOHN W. HARBliBEEGER. 

(Read Afirii jf, 

Tills Study of the clovers was begun in 1907 and has been pursued 
mtermittently ever since. Sufficient data has acomnikted to warrant 
its assemblage for publication. The material for investigaliou was 
gathered in the open for all of our common spedes, uumbermg about 
siXj and the remainder was raised from seeds planted in pots in the 
greenhoust After considerable correspondence, which ^ven 
years before the outbreak of the world war^ seeds were obtained from 
j\irtes (lowra:)* Amsterdam (Holland), Berlin (Germany)* Besancan 
(France) T Burlington (Vermont), Cambridge (England)» Copen¬ 
hagen (Denmark), Dijon (France)* Dublin (Ireland), Hamburg 
(Germany), Innsbruck (Auslrta), Kew (England), Knoxville (Ten¬ 
nessee), Lincoln (Nebraska), Xorthamptan (Massacliusetls), Rome 
(Italy), St. Louis (Missouri)^ St. Petersburg = Petr4:igrad (Russia), 
Tiflis (Persia), Tucson (Arizona), Vienna (Austria), Washington 
(District of Columbia). The seeds from Washington, D, C., were 
obtained from agrostologists connected with the United States Dc- 
parlmeut of Agriculture and from the Bureau of Foreign Seed and 
Plant introduedou. Some seeds were purchased from dealers in 
New York and Philadelphia, The trial sowings of these seeds 
showed that most of them readily germinated, but some of them were 
re tract oi^V or failed to sprout entirely. The seedlings and young 
plants intended for htstDl(^ic investigation v^ere fixed in chromacetic 
add and finally put into 50 per tent* alcohol for preservation. The 
growing plants were used for experimentation on their leaf move- 
meuls. 

NuMincfi OK Sm)S m the Pods, 

Some of the material recelvx^ from hatanical gardens had not been 
hulled and it was thought worth ivhile to determine how many seeds 
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were found in the pods of each species, which were sent m the un- 
clcaned condition. The samples of Trifatium reptns showed from 
1—4 seeds in each legume. Trifelium elegans and T> won/anaw had 
1—3 seeds. Trifalium resupitiaiuvi, T. ruben.i, and T. suffocai^nt 
yielded i-2 seeds. The following species, arranged alphabetically, 
liad only one seed in each pod, and this held good for these species 
from different countries: cEgranutn, tdpjrnJidnnMfrt, alpestrUf angutti^ 
folium, ofveKSf, badiitttt, boccoiti, dubium, eiegans, iniornatHm, john- 
stoni, tettfonthum, iKaritlmum, trtpdtHW, tKonfonurH, nivole, 

ochntleiicitm, patimmicuitt, pratcrue, procumbens, redinatum, repens, 
repctis ear. jntHTorAfat^ rcjwpmtitMfii, rubens. scabrum, spadiceum, 
squarrosum. slellatum. striatum, jw^ocnlitw. 

VVeigbt of Seeds. 

The weight of the seeds was determined in tuilligramg. Some of 
the samples were suf&ciently large to permit the weighing of one 
Imndied seeds of each. Others contained only a small number of 
seeds, so that ten was the mammiim number the weight of which 
could be determined. In order tbit the results might be made com¬ 
parable, the weights in each case are calculated on the ten basis. Of 
course, the weighings were more accurate where the larger numbers 
were used. In some cases fifty seeds and in others twenty-five seeds 
were weighed. In the accompanying list tlie weights determined by 
weighing 100, $0. 25 seeds are placed in ordinary type. The weights 
originally determined on the ten basis are printed in heavy-faced type. 
The weights of the seeds of the various species of Trifolium ate in 
milligrams: agrarium f^2, 5. 3,2, 5), flii?4'andrJ«Hm (30. 31.5. 32.5. 
34), offfjfrc (to, la, 15.5). aftfsjJWiuiB (17), aBf^KJhyo/imit (12. 14). 
anvttsc (a, 2 . 5 > 4 )< uarcKHi (3), balans^ ( 5 - 4 ). bacconi (3, 5.5). 
campestre (1.2), ccrtiuum (a), dttbium (3.3)1 elegans ( 4 ‘ 5 > f^-Si 7 -h)p 
filifonne (4 5- 5. 5-5. 5-6), (2.5, 3}, hybridum (5.5, 5,5.5, 

7, 7-5. intarnaium (30, 33.3, 36, 36.3, 36.5, 37, 42 -S), jnhnstoni 
(S-a), iiipinaster (17). morfiiwiHnt (15. 17. 2S)> ftiedinm (12.5, 12.5, 

13), niifiuJ* (3'3' 5)> w-oafEitun* (5t 6-S, 7-5, nh/ale (S), 

/VjhiiohiVhbi (38, 33, 36-5, 37. 40, 41). potent (^o), perreymondi 
(3), praiense (i3' *3'5' *4. i5, ifi, '^^• 5 . ^ 7 , ^ 9 - 3 , 20, 22, ag). 
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pratcmsiT prrenne (18,5), pratcn^cyimL'diiitTi=Sntton^^ cowgrass 
(^r)j X. pTutcusf X ^^i^diUin=^S\itton*s gsam hybrid cow- 

grass (19.5)1 protumb£ 7 is (2.5^ 2.9, 5), rrf^rnafjim (30, 31 
(6, 6,5), repens (2, 3. 3,5. 3.7, 3,5, 5.5, 7* 7, 7, 7,5, 8), repens var. 
mQcrorkisa (So)* re pens perenne (7o), repens var. (4.7)* resupi- 
fmtum (8,5, 10, II), rubens (18, 18.5, igo, 21, 22,5. 23.5). scabrum 
(^f 4-5)- ^piiditeum (3), spunwsum (2.5), sgmrromm (is), 

jfrjafuni (20, 20.6)^ sttaveolcns (160)^ {26^ 34, 

iig. 6 ^), tridenlahim (13.SJ. It we classify the species according to 
the weight of their seeds into light-seeded, medium-seeded, heavy^- 
seeded, we wodd have the foil owing arrangenient of them: 

Lujht-seeded Clo^^erSi^ugrarium^ ari^cnse^ aureum., baiansiEj^ boe- 
coni, campesire, cernuuns.^ dubhim^ ekgans, fHiforme, glomerafum, 
hybndum^ johnstoni^ ittiiiMJ* riicurtfjnufn, paiens^ perreymondi^ 

pracumhens, rc^c.Tf^ipi, re pens and varieties, spadksum, 

spuniasEiH. 

Medium-ix/eighf Seeds- — alpesire, altissimum, angustifoHum^ lupi- 
nnsfer^ fmtittnuim, medium^ praienset squarrositm^ stmvcoJtns^ trt- 
dentahim. 

J^ea^y-seeded CloL^rrs- —flif-rfliitfrijiaHj, iiifar/ia?id!ni, pannonirujti, 
recHnafiim, rubens, xfridium^ 

The weight of seeds h an important matter to know In buying 
seeds for farming operatiotis by bulk, and also it can be used in 
helping to identify doubtful seed samples, as there are general specific 
diftcrcnccs in tbe weight of seeds^ There is some degree of correla- 
tion between the weight of clover seeds and thetr siiu. The larger 
seeds are hearier than the smaller ones. It is probable that the dif¬ 
ferences In the weight of two samples of the same species of dover 
are due also to a difference in their age. The older seeds, htiving lost 
w^ater in dry ing, are, of course, lighter than the younger seeds, which 
have not dried out to the same extent. The variation in weight may 
be due EO the fact that they have been derived from different coun¬ 
tries, and, therefore, grew under totally different conditions. 

I Tbifl apparcntlj farjfc discrepancy k due to the fact ikat the seed siic and 
WGiRht varied more in thii specter than in any nthtr. 


HARSHBERGER™STUDV OF THE CLOVERS. 




SEEDLI^^^:; CtvDvers. 

AnexmninaLjQti of the lar^e nurnberQf seedlings raised from seeds 
oblaincd from the difTercni places TRentioned above sliows that they 
may be classified mtc? several groups according to the sbaes of the 
cot>dcdons. Tlte following details are taken from the mtural-sized 
drawings of all the seedlings raised during thdr expcrimcnlal study 
(Plates I, II, III), The species of Trifolium with larl^e cotyledons 
are^ nl^xandrinufn^ aiigitsiifotiumy incarnatum, praii'nse. 

Those with middle-sized seed leaves are: agrar{Hm^ alpestr^, angiisti- 
folium, mariiimitm, medium^ procuinhms^ Qchroleucum^ n^cimaUmi, 
spumosum^ strvitum, mbterraneum. The clovers which showed small 
cotyledons on germination are: arvt'nse, aurcum, badiuin^ batms^^ 
bocconi, tampestre^ ccmnuMn eJagam^ fUiforme, glomeratum, john~ 
stoni, Iup{nast£r^ tnifliij, mantetnum, paUns, pfTTrymond% resHpi- 
naitifu, rubesis, rrn&nim, spsdiccum, The clovers with 

narrow cotyledons are: 0J?^ri3rifon> angusiifaliuvtr^ bccconi, 

glomcrcUum, maritimumj potionsj reclinaium^ repens^ sca- 
hrum. Those with broad seed leaves are: ahxandrmum^ alpextrt, 
badium, elcgans^ hipinastfr^ Gchrohucutn, pan- 

name pratensc, resupimihim^ spadkeum, jpiitiifi.mm; sletlafnm^ 
The length of the h>T*^coty1 and radide together varied from 7 mm. 
in r. jahnsSoni^ 8 mm. in T- scabrum^ to 6 g mm, in T* incarmfum. 
All of the radicles developed root hairs in greater or less nnmbers. 
The accompanying plates (Plates I-lII) give tlie general form and 
appearance of the clover seedlings e^^amined. 

MoiLPHOt,CK;iC: VAaiATJONS tK THE CfX>VEfiS. 

It is not intended to make an exhaustive sun^ey of morphologic 
variations in the clovers, but to briefly describe those which came 
under the personal observations of the writer, 

Doubk-h^aded Rvd In July, 1911, at Bdmar, N J.. were 

found two red clover plants in which the heads were double. The 
twin heads were separated down to the middle and were united by 
their lower halves. The flowers were of the usual structure and 
color 
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Slaii^ticd Study of Rird Clover Variations . — The usual state¬ 
ments ID the manuals of botany about the size and other character¬ 
istics of the organs of the species included in the manual are not 
based on accurate meastirements for statistical purposes* In order 
to provide such data for Lhe canunon species of Tri folium, measure- 
ments were made of one hundred red clover plants as a beginning. 
The length of the petioles above the stipules of one hundred 
leaves varied from 271 uim.p the longest, to 38 mm., the shortesL 
The length of the middle leaflet of the three leaflets v^aried from 
44 mm.p the longest, to 15 mm,, the shortesL The widest middle 
leaflet was ^9 mm., and the narrowest 12 mm* Similarly measure¬ 
ments were made of the right and left leaflets of the trio with the 
following results: 


LortgCiC Left LeaBri: . ..... . 

ShflrtEfii Left Lir:dfut.. 

Widest Left LcaBct.,,, ^ 


Xarrowest Lc f e Leidlct 

Lcttgest Rj2;bt Leaflet, ... 

Shurtest Rig^ht Lcafl ct.. 
Widest Rjght Leaflet* „., „*.. 
Xarrowest Right LKiflvt__ 

...*. .*.* . + + , m innL 


Oul of TOO leaves, 78 had leaflets with rctuse apices and 22 had 
leaflets with obtuse apices. The three leaflets of our common field 
red clover are marked usually (S9 nut of Jiiso) with U-shape, or 
V-shaped, whitish blotches, as if one had placed a dab of white paint 
on the leaflets with the fleshy part of ihe thumb. In some cases these 
markings arc pale, in other cases prominent* Eleven plants tn pne 
hundred vrerc found entirely without the thumb-mark spots. Sotne’ 
times a red clover plant has been found in which the white color runs 
along the veins in streaks toward the midribs of the leaflets* This 
arrangement of color may be dtie the action of an enzyme in pro¬ 
ducing the variegation, or to the presence of air beneath the surface 
in the V-shaped area* A little boy, Roger M. Hinckley^ aged it, 
writes to St. Nkhoks (1909) from Greenfield, Mass,, about a crinkly¬ 
leaved white clover with leaflets panduri form, A figure is given of 
this variation^ prohahly induced by disease. 
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Four red clover plants had leaves wttli glabrous (smooth) petioles 
and 96 red clover plants of my collecdon had petioles that were 
hirsute. Five clover plants Jti one hundred had blotched leaves and 
95 were unblotched. ITiis descriptive presentation of the statistical 
studv of one hundred red clover phints has been adopted instead of 
the tabular form to save the cost of the printing of the accumulated 
data in the form of a table. 

Clovwi Habitats a kb Growth Forms, 

The various habitats described with reference to ihe species of 
clover found growing in tliem were taken from the descriptive labels 
of tile herbarium sheets found in the herbarium of the Botanical 
Department, Unii'ersity of Pennsylvania, the .Academy of Natural 
Sciences of Philadelphia, the U. S. National Herbarium. Washington. 
D. C,. the New York Botanical Gardens, and Kew Gardnuis, London, 
England, The habitats are arranged beginning with the hydrophjTic 
ones and ending with the driest, most serophytic ones, 

Flofcs. —Trififliutn (California), aBoioB (Cali- 

fomia), orironirttHt (California), barbiffcrnm (California), bolandffri 
(California), cyaihif^m (California, Oregon), (Ore¬ 
gon), fiaweriii (Oregon), (Or^n), melaitantAum 

(California), (Wasliington), orf^anafu {Washing¬ 

ton),/iaari/lorw™ (Washington), fidHnrwtatani (Oregon). 

(Montana), sraftrWfnw (Cdifornia), A^/cHd«w (California), irun- 
catum (California), i/ant'ffiitufn (Califotrua), 

Sfl/I Marsh Edge. —Tri/fllmw /lazulum (California). 

GraveUy Ekvr Bar,~-Trifoliunt Aetcrodon (Washington). 
,]feadows.—Trifoluim andrewtii (California), hechn/it/tn (Ore¬ 
gon), ftamcytnsts (Oregon), itsvolufratunt (Washington), 
(California), wacriet (California), inonofifAutH (California), plu- 
Tnasum (Idaho), fiptydon (California), rc)ffxuJ« (Arkansas), niJ*yi 
(California), .r/n'iitdojtitrt- (California), tridrnratiiwi (California), 
trisle (California), warfnshioldii (California). 

Parnffos—TnyoliiPit maftkcH-rif (Argentina). 

Prairfcj._ Trtfpliutn of/iJjtuiiUK (W^ashington), am/'/frmdlitiMt 

(Texas), befariensp (Texas), caraimianum (lexas), dtHtglasu 
(Washidglon), /ia«fi)ioniwi (California). 
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GraveUy MpuRtain Slopes.-—TrifoUum virgitticunt (West 

Rocky H'oods.—Trifolimu aurcum (Maiyknd), 

Calcareous Bluj^Sj—TrifoHum mexicanum (Mesico), 

Fine H oods. -Ttifolitim batkigenim (Qilifonnk), microcepha- 
futfi (California), microdon (California), splendent (California), 
sICHophyllum (California), jufrcaH/^jctrwj (Colorado), trichacalyx 
(California), -eariegatufn (CaUiomh), niormskioldii (Galifomia), 
Big Tree Groves,—Trifalium bre-^cri (California). 

(SwiLserland, Tyrol), awaW/ir (Bo¬ 
livia. -Mexicp),fll/i>niwlnwj (Colorado), fiodimw (Pyrenees, France), 
bracteolahtm (Colorado), brandeget (Colorado). iMVf/ipflfdfinHi (Af¬ 
rica). catidatum (Phrj'gia), chaense (Bolivia), calocepkalum (Af¬ 
rica), dasyphyBnm (Colorado), geinniiiontm (Colorado), /mydenf 
(Montana), involueratum (Mexico), Ikddttm (Wyoming), Mnufan- 
BRsc (Montana), (Colorado), JionVam (Camiolia)./yaaejfpnj 

(Smtzerland), parryi (Colorado), pctropkihtm (California), poly- 
stacbyiiut (Africa), saliclorutn (Nevada), saxatilt (SwiUerland), 
schicdeanuHi (Mexico). semipilosHta (Africa). subrotitnduHt (Af- 
ticii}^ xf^noIohiiiiH (Coluratjn),(Pvfences 

nil! gTt)wth fonti5 given on the labels of ihe herbartuin she<Ms 
and al&D noted when the clovers were studied are: 

D^vrf Alpine Flantj ceith Large Tap Raot.—TrifoUitm aniabSe 
(Bolivia), andinum (Wyoming), anetnophihm (Wyoming), fisr- 
(California), bolandcri (California), bracteolatuin (Colo¬ 
rado), ehUense (Bolivia), (Colorado), Umdum (Wy¬ 

oming). nanum (Colorado), paUescens (Switzerland), salictontm 
(Nevada) , scariosnm (Montana, Wyoming), 

DTimrf Itosette^Trifoliiiiit andersonii (Nevada), ftciWm' (Cal¬ 
ifornia), ^Fyiirnacar^imf (Wyoming), anVjjHifuia (West Virginia). 

Qptm Woodlands and Frairics.—Trifalium stolonifcruw (United 
States). 

Grass Steppes.—Trifaiimt acaulc (Africa), jiwtruic (Africa). 
Mesas.—Trifolitim acicnlare (California), 

Sand Beaches.—Trifolutin alexandrirnttH (Syria), fucatum (Cali¬ 
fornia). heierodoa (Washington), macrai (California), tRaritimum 
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(England), rsp^ns (New Jersey), lotnentosam (Island Porto ^nta), 
wormikioldii (Califonua)., 

Dc’jfrfj— Trifi^ium ffracUenlum (California). 

PedregaL —r«yo/iifwi wtWfMOvii (Mexico). 

Prajtraic Mats.—TrifoUuin ffratllctttum (California), ittflanan- 
thum (California), resapinatutH (Madeira), variegatitm (Cali' 
foniia). 

Prosiratt Xcrophytes ,— rri/oliiiMi df/^aapPriifKH'i (California), 
pilitliferum (Plalestinc). 

GeOGRAPTIICAL DISTRIBUTION. 

One fart wluch impressed tlie writer in the study of the clovers 
(Trifolium) at the Ilerbariinn qf Kew Gardens, London, England, 
in July, (907, was the large number of species found in California. 
Oregon, Washington (Pacific North America), and in Palestine and 
Syria in the near east. In both cases the countries rich In dovera 
face western oceans, Palestine and Syria facing the Mediterranean 
Sea, and California, Oregon, and Washington the Pacific Ocean. 
"Orient** in the enumeration given below probably means the near 
east, and if the six North .African species are dediKted. as represented 
in the Kew Herbarium, there are 85 species from the orient. There 
arg species of clovers given in the second cduTon of Britton and 
Brown’s “ Uliistrated Flora,” and in the second edition of Stoall’s 
"Flora of Soutlicasiern United States" 3 spedes not given for the 
nortlicm slates, making 17 species in all. Seventeen species deducted 
fmm the number of North American species (86) jn the Kew Iler- 
bariuDi gives 69 species as the number in Western North .Vmerica, 
supporting in a general way the statement above, S-S to distribution in 
countries facing western oceans. The following nutnbera are derived 
from a list of clovers made while at Kew, and, although not complets, 
they are an indication in an approximate way of tlie numbers of 
Species ot Trifotiuni in dilTerent countries of the world: North .Afri¬ 
can and Orient (91) ; North African (6); Northern Asia (7); China 
and Japan (3) ; India, Malaya (3); India (^): Australia. New 
Zealand (4) : Tropical Africa (20); South Africa (14): North 
yVmerica (86) * Central America (9); East Tropical South .America 
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(8) ; West Trtipical South America (l) ; Temperate South America 

SLiiEr Movements of Cijov^ Leaves. 

Pfeffer in his Untersiichmigen uber die ErUstehung der Schlaf- 
bewegungen der Blattorgane," Leipzig, i907» docs not undertake to 
investigate the clovers, aUhough they provide more as^ilable material 
than Albis^ii lophanika^ Mimosa Sp€ga££iitij^ Phascohis^ Lourea V€S- 
pertilioniSt Miingsa pudlcHj Imputisns pandflora^ and Siege jbcckia 
orientalis investigated experimentally by him. 

The gross nrorphotogic movements are of interest (Plates E)* 
The following species of clovers groi.vn experimentally by the writer 
move their terminal leaflets info a flat vertical position in their fiycti* 
troptc tnovements: Trif{>Jiui>t alpcslre, an^msc^ dubium, drgans, fili- 
forme, glomeroihtnp^ incamatufn, marithnum^ pamimicum, 

prdtense (mammoth), praten^e X pmiense X medium^ refiexttm, 
rcsitphiaiuni, mfrcxj, s^ifiDnfwn 

A few clover leaflets move so that the terminal leaflet is erect, 
but folded somewhat inwardly along the midrib. Such are /ivfjridMts^ 
achrokucum^ praiertse, praiejisc (old), and mbierraneum^ In these 
two cases the lateral leaflets move upward and inward so that their 
surfaces are applied together, the leaflets standing vertically as the 
figures clearly show. The following species of Trifolium show the 
terminal leaflets bent forward out of the vertical through an angle of 
to"" to from the vertical: e/erQWf/rmwMt, angustifoHum^ e^rfiuum, 
degans, hybddum, inramafum^ johistani^ kneantlmm, medium, per- 
rcymondi, redinaium^ driatu^jtr, tridentaium. 

In Trifolium ccrnutim, degans^ medmm, repeals, perenne^ the 
terminal leaflets are folded along their midribs, so tK^t thdr leaflets 
overlap the tw"o lateral leaflets w^htch stand verticaUy and He parallel. 

Tn r. nvanfaiiiini^ repens (old), repent perenne, scabmm, the 
terminal leaflets are nearly horizontal, forming almost an angle of 
go'" vvith the vertical. The positions of the leaflets in a^ro^'iiitK, 
mreum^ badium, boevom, campesire^ paims, praeumbens, siellaium 
are different from the other species and are not suggestive of sleep 
movements. Whether the nyctitropic positions assumed Ln these 
clovers are due to experimentally unhealthy plants, future study of 
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them aJone wiU reveal. The tenninaJ leaflets of TrifoHum h pinaster 
and rrc/nwA/wiJf bend backward out of the vertical instead of forward. 
The accompanjhng 62 drawings will demonstrate better than words 
the actual position of the leaflets in the various dovers during 
nyctitropisiii (Pbtes IV, V), 

Exi'KamENTAL CuEV’Es OF Kyctithopic Cloveb hrAVES. 

The elaborate and rather costly piece of apparatus used by Pfeffer 
in his work^ described and figured in Chapter II. os hb work^ 
replaced by a simple home-made piece of apparatus (kymograph) 
consistiiig of a tin tDinato-can mounted on an alarm clock with works 
altered to suit the couditions of the exjjeriments. The tomato-can 
cylinder with registering paper was made to revolve once in two days 
instead of once cvei^- twelve hours by changing the motion of the 
bar turning the hour hand of the dock. The recording lever was 
poised on a fulcnun fastened to a cork pushed into the mouth of a 
test tubc^ which was then aLtached to the arm qf a tripod, on tlie pan 
of which the potted clover plant was placed. A Enc thread was 
attached lo the clover leaflets by a thick solution of shellac and to the 
short arm of the re^Estering lever. The Jang arm of this lever being 
twice as long as the short ami, the rngvements were thus magnified 
twice. The downward movements of the leaflets were transmitted 
into upward movemenis of the far end of the lever which traced the 
curv^e of moveraenl on the glazed paper* which was covered with a 
coating oE carbon by holding over a yellow gas flame after being 
placed on the q linder. The curves represented in the accoiupanying 
figures were obtained in this way and were made permanent records 
by passing the blackened paper through a solution of shellac in 95 
{jer cent alcohol. 

Fifty-five records were taken during the course of the e^vperi- 
ments with the ky'mograph* The species of Trifoluim, the move¬ 
ments of the leaflets of which were traced by curves, were as follows: 
I, rcs^tpinaUtm; 5. ju^;crrgjirriii«; 3, inromeJfMUi/ 4^ pannonkum; 5. 
clegafis; 6, redinafum; 7. alprstn-; 8. spumasunt; g, kutanthum; lo, 
tridfnialmn: ir. pannonknm; iz, lupinaster; 13, praknse; 14. d- 

pestm^ 15, hxbndum; I6^ merfitruit" ^7* ek^ans; iS, 19+ 
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stcUatJim; fdtfontu:; 21, ruh^ns; 2Z, achrolimcum; 

24, miflfij; 25^ iaigitsHfoltum; 26^ ch^gans; 28, ai^jratidriiwu; 29, jh- 
carnatHm; 30^ siriafmu: 31, redmaium: 32, putcjis; 33, rtftfriliiHiirJi; 
34, rtihi-ns; 35, campcstrc; 36, fnari?Hixiini; 37, fi^rtiJiiirfz; 3ft, 

39' (tsJtl) ; 4*^p agrurium (mature); 41, ghnurutiini; 42, 

incaniatum; 43, prah^Sif tmmmuch; 44, pmemt (old); 45, 

(old); 46^ rcfcns var, nwror/iija; 47* yo/lft^^oIIi/ 4S, pamwnkum; 
49, ijrlinjiciicum; redinaium* 51, pracumbefts; 34^ rtptwum * 35^. 
pmttmse'X pratcnse X 56, budutm;^ 58, perreymondi; 59, 

dn-'CH^er; Cio, aurcum; 61, scabrum - 62, repms peremw; 63, tigraTiam 
(young).* KesI all of tlie records are good. Some of them are m- 
comijlete owing to the stoppage oi the driving dock, or to the swing¬ 
ing of the level away from the recording cylinder owing to the dis- 
turbELnce of the lever stand. Occa^onaUy the thread would break 
loose from the shellac fasteniiig. As a result of these difficulties* 
some of the records are only part curves, and. therefore, can not be 
considered in the subsequent discussion. Onlj' those records are 
disenssef! and illustrated which are fairly complete. It was found 
rtdpracticable after the takitig of the curve ot the first species (T. 
resti/^fnufiziii) to make the curve of temperature on the same record 
sheet as the curves of the leaflet movements. No attempt^ there fore^ 
was made to take the temperature in suhsequent records. The rcla^ 
live humidity w^as not recorded in connection with the expeiimcntai 
study of the plantSj, nor was the relative amount of sunlight and clouds 
iness roistered- Some changes in the curves of the night period 
suggest that it might liave been advisable to liave data oti the times 
and intensity of the moonlight. The curves which are discussed in 
The following pages may he criticized p as approximations, hecaiise no 
record of ternperature, humidity^ sunlight, and duudiness were kept 
in connection with them. This criticism is imdoubtedly w^ell foiturJcd, 
but the several corupicte curves arc given, because they are suggestive 
of the character of the clover-kaf movements and may create enough 
interest for some one dse to continue the careful investigation of 
such leaf movemcnt.s as related to aF of the influentia] endronmenlaJ 
factors^ 

= The TiuTub^rs here idven apply tp the drawings of irrdlrHg^ tPtalcfi I- 
III> arid leaf movemirTili (Plaits IV-V}. 
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4 Trifalium resupinatum (June i to June 4 1908}.—The 
tprminrtl leaflet was attached to the stHn^ at S A,M., June 1. The 
cune was fairly level until the middle of the afternoon, when it began 
to rise with die approach of darkness. The steepest part of the 
curve vras reached during the flight, gradually sloping downward 
until morning. Some irregularities in the curve are noric^^le on 
June 2, These may be due to cloudiness, for other records show that 
an overcast^ or heavily clouded skVt causes the rise of the curve. 
This is especially noticeable on Jufic 3, for there is a sharp rise after 
the depression of the morning. The sharp bumps in the curve of 
TrifoUum resupindtum indicate the nyetttropk movements of the 
leaflets. The curve of Plant 2+ subh-'rtaneufth demonstrates the 
same response of the terminal leaflets. There was a steady rise on 
June 3 in the afternoon, followed by a steep depression until night¬ 
fall, when the up enr^^tnre during night becomes a marked ele^-ation, 
Followed by a gradual depression until 9 A.M. on the following dayp 
June 4. 

Pfciiit p, Trifiyihtm tcucafUlium (Plate V).^—Expeiitnents w'ith 
this plant were started at 8 A,M. on June 2. The cur^e shows an 
upsweep in the forenoon, Eollowed hy a downward curvature in the 
middle of the day. Al 3^0 P.M, we note a steep elevation, then a 
drop w^ith a steep rise to 6,15 P.M., succeeded by a sharp drop of the 
curve and its reele^atiou during the night. The curve taken on 
June 3 shows minor oscillations of the le%^er during the day and a 
sharp rise at 6 P.lt. for the night. With llie approach of day the 
curve drops uniformly until 8 P.M^^ when it rises slightly, dropping 
again at g A.M. 

Fhnt li, Trifolimn alpcjlr^ —This plant gave a curve which 
started at 11,20 A.M.. June 4- It shows a uniform rise to the middle 
of the afternoon* then a drop and a sharp rise at nighlfall. On the 
morning of June 5 there is a uni form drop of the curve with some 
oscLIIalions until 3 FAI., when it begins to rise* 

Flant If, Trif^^lUim ehgdns (Plate V)+—The curve of leaf move¬ 
ments iu this clover shmvs a gradual rise from the noon hour to late 
afternoon, with a sharp upward curv-titure at night, followed by a 
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depression the following day* June 5, and a sharp rise to the night 
position at 6 P,M, 

The morning of June 6 .show^ed a gradual downward movement 
of the cnnx until 9 A.M, 

Plant Trifolium hybrids —A mature plant in flow^er gave a 

curve with a sharp valley and peaks. Starting at 12 M., June lo, it 
shows a sharp angular drop to 3 P.M*, then a sharp rise and as sharp 
a depression during the late afternoon. After nightfall there was a 
precipitous rise during the night, then a sharp drop and a rise until 
about 10 A,M. on June 11. The curve then took a drop to noorti 
when ir began 10 rain, and a sharp rbe to the late afternoon, when it 
probably cleared. At 6 P.M. it made a steep up curvature during 
the period of night. 

Plant 40^ TrifoUum agranum (an old plant).—A lateral leaflet 
was tried* so that its cutvit does not correspond in ginieral with the 
curves taken for the terminal leaflets. Starting at 11 AAI., June 1:2, 
we find the elevation of the cun^e is followed by a steep depression 
until 6 P.M.^ when the curve remains nearly honzontal until the next 
morning, when it rises rapidly to 9 A.M-, followed by a depression 
until 3 P.M., when there is a rise to 6 P.M.* and then a gradual fall. 

Plant 42, TrifolUtm iMarnainm (Plate V).—The curve of the 
crimson clover is fairly constant with an almost level depression dur¬ 
ing the day of June 10, a rounded elevation during the night, a de¬ 
pression with a sharp hump in the early morning of June 1 1 he lore 
g A.M,, followed by a depression and a small rise after 13 M,, wdien 
it began to min. At 6 P.M. the upward movement of the airv^ for 
the night period is observable. 

Plant Trifalium repem -—An old mature plant in flower was 
studied as to the movements of the terminal and lateral kaflets. The 
curve for the terminal leaflet rose from ii A.M^* June 12, during the 
afternoon with a sudden downward movement to 6 P.M, The night 
period was characterbed by a steep upward curvature followed by a 
drop during the small hours of the night, and a sharp rise before 
g AM. on June t3. tl is such a sliarp rise which leads one to 
suspect that moisture may be a controlling factor. A rise of the 
cuni^e to 3 P.M. is observable, and then a gradual downward 
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lure to 6 P.M., when an upward movement is seen. The curve oi 
the lateral leaflet of Ko. 45 is generally np during day and down 
during the night, with a steep downward gradient as the liour of 
sunrise is approached, with a sharp upward curvature in the daylight 
hours of the morning to Q A-M. on Jime ii, then with a rainy mom- 
tngp a downw’ard movem^t is seen with an upward him in the early 
aftemoou. 

Plant 4S, Trifolium pcnnmiiaim (Plate Y). — The middle leaflet 
of the compound leaf of this plant was connected with the k^TUograpti 
at II A.M., June 12* with an oscillating movement 0! the curv^e down¬ 
ward to nearly 6 P-M.* when the upward curk^atiire during the night 
is clearly traceahle. Daylight of June 13 shows a valley-Hke depres¬ 
sion with sharp irregularities and a strong upward turn at nightfall. 
The same valley-HIce trough of the curve appeared for the daylight 
period of June 14, with a sharp rise on the aftemoon nf that day. 
Such sharp oscillations are inexpltcabk unless they are due to vari¬ 
ations of temperature or humidity' of the air. An inspection of the 
se^^eral curves in the accompanying plate will give a more adec^uate 
idea of the movements of the long arm of the recording lever. The 
above description will serve to draw^ attention to the more important 
features of the cur^^esi. 

The writer desires to acknowledge the help given by Professor 
E. B. Ulrich in the arratigement of the details of the kymograph used 
in the experimental work. The kytnograplts used in the-study of the 
clovers are essentially like the ones used hy Professor Ulrich Ln his 
study of theI^f Movements in the Family Oxalidace^/" published 
as a thesis’ in part fulfillment of the requirements for the degree of 
Doctor of Philosophy- at the University of Pennsylvania, received 
June, 1910. 


EXPLANATION OF FIGURES OF THE SIX PLATES. 
iFj.\TES T-’V^.} 


3. rncamafhm. 
4 ^qifnojiiciinr. 


6, rpfimafum. 

7. 


^ Coinribulieiis from the Bolanical Laboratnrj, UiiiversitT of Pcimsytvania^ 
111 . : 211-54^. 
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9. iriffepil/iiiin, 
la fnjJfHldJym. 
fl. .^Busi^inifinif, 

iz. hpmiulfr^ 

1^ sipcjtrc, 

[£. AjyAriVum. 
i5» m^dium^ 
citffmsr 
baianjdr. 
jirlliltum. 

Jilifarmf, 
rubmir 
dubiuM. 

DcArd^fuorjvl, 

ani^\istifolium. 
ei^gatiL. 

alfijrandrinum, 
iMcamottitn. 
itriafUiU. 
repiifiaivm. 
pat£ns^ 
maritimuTH. 
ruhimj^ 

35 _ campfjirf. 

36, mariftmum. 

UrflTELSlTY OF FfX JC SVLVAStA, 
Pfltl-ADELTHIA^ Pa. 


37* ffrimaTHL 

3S, hoccomi.^ 

hybrtdum (old matiur pl^r), 
40^ a^rciriujn (eld ttl^ttirr plant)* 

41. 

4a* EH^amdln uJl 

4Jr praimsf (mammothj. 

44 ptxiienx£ (old matnir pkot). 

45. rtp^m (old tcaturc ptant)* 

46- repens var. fmerorhisa. 

47. J^^hus^tim. 

4flL ^RAcmirHm* 

4^1. oehrohueum^ 

5a retlinalnm. 

5L. jl^rocuiiij&Aij'* 

3Z rnfciw, 

S3- monldRUin. 

54* reflexum. 

53- X X medmm^ 

56. badivm. 

^7* prateHse (iiiamincit]i). 

5^ perTEymOudL 
59 * 

60. ourruHP. 

611. stabrum. 

6a, ripens perennr. 

63. affrarium (young3 + 
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THE FAEROE L. 4 NGUAGEh 

By J. DYNELEY PRINCE. 

(Rfad Apri^ 

The Faeroe Islands (Sheep Islands), consisting of some twenty- 
otae isles, situated nearly half way between Iceland and the ShetLmds 
at the intersection of j"‘ E. and 6^"^ N., have an area of approxi¬ 
mately square miles and a population of over 18^000. The in¬ 
habitants are all of Norwegian descent, their settlement dating from 
about the beginning of tbe ninth century, when the first emigrant 
from No^aVp Grirn Kaniban, came to the Faeroes to escape the 
exactions of the militant Norwegian king, Harald Haarfager. Ac¬ 
cording to tradition, there was a colony of Irish and Scottish monks, 
probably Culdees,^ on Suderoy,* ivhcn the hrst Norsemen arrived. 
These ascetics were driven out almost irronediately and the settlement 
became exclusively Scandinavian, The islands were transferred from 
Norway to DenmaTk in 13S6 and Denmark's possessioa was con¬ 
firmed by the Peace of Kiel in 1815. The Faeroes are now reckoned 
as an integral part of Denmark, rating as an .dutf (govemmerital dis¬ 
trict), with, however, a local parliament {Lagtmg) consisting of an 
Aminmnd (district governor) and nineteen other members. This 
body elects one rejiresentative to the Upper House (Lasvdtmg) of the 
Danish Parliament {Rig^dag}^ while the Faeroe electors chcaose by 
direct vote one representative to the Danish Lower House {Falke- 
ting). 'Fhe capital town of the Faeroes is Ttiorsimvn, 

Of late, there has arisen upan the Faeroes a very energetic lin¬ 
guistic mov^ement aiming to deviate the local idiom to the rank of a 

* The Irish ttamt is CtSr Comrade of God " and seems to have been 
tiacd |o indicate early Gaelic antlioriiea whose chief eatabUshinenls were in 
Scotland durmg the 12th century. They were undoubtedly m Iceland before 
the early Norse occupation there in icioo A.D., whence they flcd^ leavlnff no 
traec save a few place names (cf. W, Reeves, The Culdees of the British la- 
land* (Dublin, lft54) * W, F. Skene, Celtic Scotland VqL II. ; W, 

Beveridge. Makers of the Scottish Chnrdi, 1908. See also J. lamic^pn. His¬ 
torical Account of the Ancient Ctildees. 

uTlie $otttlieni bktid of the Faeroe group, 
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by the recent deckrutian ol the independence of Iceland (191 &). The 
Fiteroe movement, lioweveTp is not a iwlitical one, as there are fevv 
if any persons in the islanda who dcEsirc a ** national existence apart 
from Denmark. The activity^ should rather be compared with the 
Welsh language movement in Wales and Montnotithshire. In the 
Faeroes the tendency is to cry stallize the language by taking the most 
characteristic elements of the two moist important dialectic groups— 
Lr.* the northern and the southern—and consolidating them into a 
** language/^ Avhich shall form a istandard for the whole group. It is 
perhaps nnEortunate for this purpose that the orthography of the 
older literary' Faeroese Norse^ Tvhose chief momiment was the Fac- 
reyinga S^a (translated by F. Yorke Powell. IvondoOp 1S96), is 
efisentially that of Icelandic^ Avhile the actual tnodero Faeroese pro¬ 
nunciation differs so widely f rom that of modern Iceland that Faerings 
and Icelanders are today mutually nninteiygible. In spite of this 
fact, however, conserH.'ative Faering scholars insist upon retaining 
the earlier impracticahle spelling. A new orthography' was promul¬ 
gated in 1895 by tlie Pdri^igafeiag (Faeroe Society), hut this system 
is far from satisfactory from a phonedc point of vieiy. At the 
present day, a new' school lias arisen which is fzicHnedI to ^ell almost 
entirely in accordance with the actual utterance of ihe people, but 
their system 15 not followed, for example, hj the local newspaper 
TMttgakrossitr^ A striking parallel to this state of affairs may he 
seen in the stereoty-iiecl arcliaic spelling of the modem Gaelic, oh^rved 
hath in Ireland and Scotland, which quite ignores the real mixiem 
phonetics of the spoken dialects. 

It is quite apparent that the Facroese phonetics have suffered much 
from contact with Danish, which is phonetically very degenerate^ even 
W'hen compared with the Norwegian-Danish pronunciation of the 
same bnguage. The Norwegians utter almost every consonant 
dearly and have not marred their idiom w'ith the Danish glottal catch* 

“ 5 re bibtiej5Taphy in this artfete 

^ A word mdicating the cross wliich in former times wis sent from house 
to hunse, to sumimDti the mett ta the Thing (biw^iimkiTi^^ assembly). This 
.paper ts rather radical but \'ciy mildly 30 from the present Eur(]pc!a.n poitit 
Df view* The coBterrative organ is J>iNFPPi^!aL'/niFj; ‘the litthi^ ot tlic dark¬ 
ness.* 
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save in one south Norse dialectic This sotmd. which consti- 

culture laognage/ n tendency which ha& undoubted!been stiniiiilated 
tutes such a diihctdty for straiig:ers who wish to acquire the genuine 
Danish utterance, has not [lenetrated the Faeroe language to any 
extent,* altliough this vernacular has lost much of its original strength 
through the disappearance o£ tonsonants. Many Danisms have crept 
into the vernacular, hut the purist school is now trynug to eradicate 
and replace them by older expressions. Faeroese* like modem Ice¬ 
landic, has no distinctive tones, which play so prominent a part both 
in Norv^'egian and Swedish. 

I am indebted for almost ail the material embodied in the follow¬ 
ing brief sketch to Miss M. E. Mikkelsen, a Faeroese lady now resident 
in Copenhagen, who has been kind enough to give me the phonetics 
of her native idiom and to sing for me several of the characteristic 
ancient songs, one of which has been reproduced at the end of thia 
article. There is a small cclnny of Faering^ in Denmark proper, 
chiefly students at the Copenhagen University, who keep up their 
island idiom and character as far as possible. 

The following extracts in both the accepted spelling and its 
phonetic equivalent (with translatioa) will serve to illustrate the chief 
ditTerenccs of pronunciation existing in the modern use. The rules 
for pronouncing the ciirr^t orthography may he tabulated thus: 

VowT.Ls: a I v^ry flat as o^=a in "hat*; d=-oA, when short; 
when long^oiTj^j, a liarsh diphthong; = c when short; when long = 
in " hat/ a sound well represented by a; i and y as i In ^ pin * l 
i and /as m (oof). In some dialects as iVi; o as o in ' smock/ potue- 
times as 0 as Eng. long o. sometimes contracted to ^ or even o; 
I* as Eng, oo in * foot *; fi as Eng. m in ^ mute"; ^4?- as flat u in " hat * 
in short syllables, hut as aa in long syllalfles, aomethiug like the Cana¬ 
dian diphthongal pronunciation of "man^ (nicJ£iJi)l o as La-erm. o, 
open in short syllables and closed in long syilahles. 

Consonants: dj and gj as Eng. /;* dJF is never pronounc«i as 
th in "this/ as it occurs in mod. Icelandic, but is uttered as y when 

»It Mcms tD appear m jach pronuncuKoas aj fblt 'people/ 

^ In saiTie diakcti as palatalbed efy, 

^Tbe comhiiiatiois dh is aseil throii^boat this paper, owing to the diffi¬ 
cult}' of □btainiTig the Icekndk tharacter representing tills ^emnd. 
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it precedes i> except when tj and 6 precede the dh^ m which case 

is pronounced like as godh{r=giK,ir, but fidhur ^iutyur. Dh 
is always v before imless i, f* y\ ei^ ey^ oy precede dh, as 
ijjod/mr= iwtffwr "man *; mudhtfr^muz^r 'mother,* with which cf- 
Cockney muvz^ef. Dh is silent in combinatiotis w-hen it occurs be¬ 
tween two vowels other than those mendcined and when it U in com¬ 
bination w'ith another consonant or in the Note that the 

hard ih sound as in * think * has disappeared in where It is now 
replaced by L as iadh * that,' pr. = thadh. 

G is hard except before e, y and ey, when it=Eng. /. G is 

silent between two vowels changing to y or as ^iga j>ya; dQgur= 
Gj always^ Eng- /, 

Hv=kzr, with which cf. IceL hv=kht\ 

K is hard except before c, i, y\ cy, when it = Eng, ch. Kj always 
= Ettg, ch. 

D is very soft, as In Russian soft /, U = ddL Ng is always a$ 
in " finger/ never as in "singing/ Nn after a diphthong sounds like 
di/jij otherwise as iin. R is alway^s trilled except before t when 

it is pronounced -rjrL Note tliat in Mod, IceL inal -r is always -rs.* 
Rn^ddUf but in some words = which must he learned by prac¬ 
tice. 5 / and j//=Eng, sJl Single s is always hard as m 'this/ 
Tj=sEng, ch. 

Diphthongs: ci=ai {i in "hide"), never as in Icel ry (ay in 
'may"), Ey=m (Eng, oy in "may"); oy = ai (oy m "boy"). 

Phonetic Specimens, 

/, " Notional " SongJ^ 

Eg oyggjar veit sum hava fjdll I know isles which have nKism' 
E oydshar vait jiftn haeava fyodi 

Og grdna lidh. tains and green hill-sides. 

O grdena h*i 

Og taktar cm taer vidh mjdll Aud are covered with fine snow 
0 tahtar err£ iaaw vi myodi 

■In tkia article **Icelandic” alwayi itidicatea tJie modem laairuage^ 

* This rj is exactly the same sonnij m m the O^manli Turkish final wid 
dourly tesemliles the Czrcli r (= f:;) pranouuced together, 
p. 2 (set Bibliography), 
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LTm veti^rtidh 
Urn i^ctrartuL 

Og air renna vakrar bar 
O oayir m'ltwo z^asakr^ir tiaear 
Og fossa, nogv. 

O foh^sa nmgv (or nogv}^ 

Taer vilja allar skunda saer 
Tuear x^ya adlar skm^du saear 
I blAan sjogv. 

Ui bhm slmegt^ (or sko^v). 

Gud signi mitt fodhiland Foro)-^ 
Gud signeh mutt focyeland F 3 r- 
yar 


in winter time. 

And streams flow beauteous 
And water-[alls enough. 

These wish all to hasteii into the 
blue sea. 

God bless my fatherland the Fae- 
roes- 


//, Folktale IK Suderoy Dialect. 

Eina fSr Palin mjdir Hamri i Sunnbd tU Fi^ar at taka sjey 

Aina ferfohr Palm ondir Hamri ui Sumha fd Vuikar at taka she 
One time went Paul from under in Sumbo to Vikar to get for 
himself 

gitnhralomb, sum hann dtti /jar* Hann hctdki fingidh seks, jwui hann 
settt 

dshimbralomb^ jmiw han attc hacar^ Hann ficyi seks, sum /wjuj 

a ewdlamb, which lie owned there. He had got sLx^ which he put 

1 stadhukrdnna^ og sdnt var d degt td idh hann for titir ti sjeynda. 
Ill stoukrohna^ a scant t'oror oa deyi taa ui /idiiii fohr ettir fi sheynda^ 
m the fold, and it was late in the day before he went hads after the 
seventh. 

Ikki fckk hann tadh firr mn stjBdm wr u^pkornm. Til alia t^nhikku 
Itshi fekk kmn tda firr tnn sl^dna t^ar upkomin. Td adla vanla*ku 
He did not get this one before the stars were up» Most unhappily 

gdadh} hann ikki firr enn hann i^ar kominn z^acl d t/eg at ladh par 
goayi han iishi wjh firr enn hann xmerar fcdJMiiw vcl oa at ttid vacar 
he did not discover before he had come well on his way that that 
one w^ 

hann ew faridh tddh. Try gmnlu ho^du ta pdtrugv at 

var tadh 

Fatr^skr Palkesagtit pp. {m BiTalioeraphy), The phonetics arc 

a? giTed hy Mj^ Mikkct^m and the trajislatipn is hj mysdf. 

^Lit. 'so alwul ^ = 'discover it.* 
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dshhiiburlanib /lojin vaeor fari vi. Tey gomtu f^ddu ia poatruki; at 
td 

a ewelamb he liad started with. The andcnts had the superstition that 
were it 

d degi 0§ hmb etfir ai bera^ diti vvdhurla>nbldh ai v&ra 
saint oa deyi o jiaiH (otHb ttUr at be-cra^ Qtic v^vurkmbi ai w-era 
Ute in the day and many lambs w^ere to be carried, a ramlainb ought 
to be 

og gmburlafnbidh at vera eUir, ti i vedlmrlambssiiklinmn sat 
iitskif a dshimburlambi at z^e-era etHr^ tui ui z^evurtambsstiblinun 
saeat 

taken^ and the cwelamb to be left behind, because taking a ramlamb 
meant 

nakadb idh dugdi itnott gandi, og sa kundi hidditfQtk ikki fda wid d 
cinum 

naka ut dudde m<MiH ^cmdfp o sa kunde huldufd^lk itshi faa ifald oa 
ainun 

something which worked against witchcraft and so the fairies could 
not get power over one 

(^tey gomlu barn H ofta vedhuda^nhsstikt uppi d saer). Honum 
vardh^* 

(fry gmniu boru iui afta z^n^rlambsstikl uppv oa saear). Hmun 
mcar 

(the ancients often undertook this carrying ramisrobs). He became 

H!q vidh^ td idh hann varmdhist urn h^tta^ men avsdnt var at 
idia li, ioa ui hann vadnayist um hefta^ men oasaint vaaar at 
angrj% when he discoiered about this, but it was too late to 

venda attur. Hann gangur vidh fussa godim iambi ag €r ikki 
wiida attur. Hann gonggur zd hessa goa iambi o er itshi variyur 
him back. He goes on with this good lamb and is not aware 

vidh nakadh siag^ 
vi naka siaca, 
of any attack, 

firr enn hann kemur kHm i Akslarcnda, Ta matir (wnum ein grdk^ 
iaeddur 

PalataliudDct, i£i diATsctmstic of this diakct, is the chief cauie o! its 
bd-D^ incDnipreheiijtbIc to Icelander:^. 

i*It IS to Eee no dificniince in pronunditioti between var ‘ was* 

and t^dh * became ’; both = * ptirr/ 
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firr fjtn /mh» Ishcmur haim ifj Toa m3tir ain 

groaktdddur 

imdl he corner to Akslarenda. Then meets him a grey clad 

nuidhur fordfiar honum i/egin ag gtr ittii s /liziifj. Bddhir at 

b^rjast 

tita^vr J7im f orar /lonufi %*fhgym & dsh^r se iiiff hann. Boayir at 
beryasK 

man who stops him on the road and attacks him. Both fight. 

Hetdfiin /mJtfjiwxidAMr var iadh) baesir hinitm kristna oh bcf 
hann 

Haiym (Jui huldumatnir vacar iM) baeasir hinun kridna a bc-er 
/laiii; so 

The heathen (for the lairyman was that) heats this Christian and 
bears hhn 

hodhatt i Mcrokiettar d Betnisz^ori^ ia^H tddh eggina, bar fifiif tcir 
k€yan ui Mtrrakietiar oa Heininmri iavatt td ed^hina Wm" sum fair 
hence lo Meraklettar on Beinsvfir near the bray there where they 

siga I Sjdrgufsshab rftir fuglL 

suiya iii Shdrgunshais ettir 

let down ropes after birds at Shorgunshals. 

Kzfoldidh Hdhur og HHgm madhur bemur oitur tU hu^a. Naesta 
Kz^Idi luiycr o unmir tsfmmtr attur HI hiusa. 

The evening conics and no man comes back to the house. Next 

ntdrgun for folk *Jr Ater/wn hi^si id at leitiL Tey fnno lambidh og 
stazin 

mohrgun foJtr fb'lk tur kzferyim tdusc id at iada^ T^y finna iambi o 
stavtn 

morning went the folk out of every house to search. They find the 
lamb and the staff 

kjS Palin heiifian firi Akslcrrnda og ge%xt so hdr at Itita. Stuti ettir 
(siioa Poiin haiman firi Akslarvnda o dhsez'a so izHr at lafta. Stitti 
etiir 

of Paul near the house at Akslanertda and so cease to search. Shortly 
afterwards 

berst Pdlin i dreymi firi kami sina, Mdhur ham ikki leita sot^r sigir 
berst Palm ni dreymi fid konu mina, biyur hana it ski !mta saear o 
siyir 

appeared Paul in a dream to his wife, begs her not to search for him 
and tells 

PRCML AHCll, PHIL, ftOa^ VoL, X|f^ L, AE/fl. JtJ, 191a. 
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hcnni frd ollum til hevur borist ^'idk sacr—at hm kcidhm kevuf 
hcnni froa Bdlun sum ii! hcvitr horisi ti ioi^ar-^t hin haini hnnir 
her about al] which liad happened to him—that that h^then has 

tikidh og b{^ridh si^g i Mi^rakMtar. Seint d sumrt fufiitu ncyttikanur 
tiishi o tori sch ui Mcraklfttar, Saint oa sumri funnu ntiiiakmmr 
taken and carried him to ATeraklettar. Late in the summer found 
the milk- 

inDiiriin deydhan u(i d biodhnaknan &g bddhar Uja^kogz^amar 

dvhyan it#^i oa Ftoun, blolmaknan & boyar iljaskohgz*amar 
in^ women the man dead out on Fldun, stark naked and both (bis) 
foot-soles 

hrCfidar ttndir honitm, Bddh rwr s^nt ntUtr fit hilsa og hann z'ardk 
fordhur 

brendar otuiir honnn. Boh twar smt attur tU hiusa o hann zm^ar 
fbrur 

burned under him. Word was sent badi to the liouse and he was 
fetched 

Ju'im og grizdn. 
fuihn o gritnn. 
home and buried. 


GaAiiMATicAL Sketch* 

The following paradigms will illiiatrate the declension of the in¬ 
definite adjective with the noun and the defmiic artide with adjective 
and noun, all in comparison with the similar modern Icelandic de- 
densiotis: 

Inui^n^rtK AujEcnvE. 


Fa^of iphcntlic}. 

N. gtwur mm'tir 
G. (gohs 
D. gozriim Hraniu 
A. gatmn 


godhur madhur ' a good man ^ 
godhs 

gad hum tu'mmi 
gadhan 


i*Thc modem Icelandic phonetics are as foUows; s as m ‘‘fatliiir': c a 
in * mrt ": i as in * pin'; o ai Ln ^ more"; v as f in ' pin " i ff = i" In * pine"; d 
as 1 hi ' 9tr ^; 6 as tm* in * how *; I as r; in 'meet ^ a aw m * blow' j d 
BO in u as FfEnch ae; y as ee in 'meed; dh = th in 'Plus'; mc:dial 

/= IP, except in cotiTiri^ion witb another cunsonant when h is always 

breathed, even before j (%') and ^ ihv = kki/}i f;=;txfn3. y' I is very Eoft, 
but m—ddtii r finai= almost rj^ but = trilled e in the begiunlni^ 

and middle of words; m = ddn* tk = ih m ^ihiisk.* Icelandic la spoken with 
a enriops whisperine: tone, tiulit ntilskc Faeroese. 
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^mf/nV fnenn 

G. {gora manna) 

godhra man no 

D. govum 

godkum monnum 

A- joTYrrtJicnn 

god ha 

Np go kona 

kona * a good woman * 

G+ {gorar ^onii) 

godhmr kont* 

D. govari fronw 

godhri kenu 

A. gova konti 

godba A'anu 

N* gai^ konur 

gQdh(^ konur 

G. (gora kana} 

godhra kz?enna 

D. poeum konum 

godhum konum 

A* goz^ar konur 

godhar konur 

gott btidn 

gott bam (pr. ‘ a good 


child' 

G. (gohs badm) 

godtis bams 

D, badni 

gadhu bami 

A. gall hadn 

gott bom 

N. go bodn 

godh born (pr. bodn) 

G. (gora badna) 

gadhru 

D. ^o^Aintr 

godhum homum 

A* go bodn 

godh bom 


Definite Afticle PitEFixEo and Suffixed with Weak AnjECnVE 

AND Noun. 


Fiteree 

N. /i*K 0(^yi TfJiTt'jrr-iii 

G* {him gova mans-in£) 

D. hinmn goz>a iRatfui-ufiiii 
A. kin gozfd mattn-in 
PI. N. hmir goz^u mcnn-inir 
G. (kinna gozrtt ma^iita-na) 

D. ftiiiim g&tii mmnu-nurn 

A. hinar got/ii meitn-im 
N+ hln gavct i5?oii£i-?i 

G. itittar gotm konunnar 
D, hini gozm koHH-m 
A. /ij'itei 

Nett the s^sence of i^NijfiruI m F, 
19 nerer hspI hi IkIh but often tn F, 


IcietaMdir^ 

hinn god hi fmdhur (-iMn) 'the 
good man^ 

him god!ia nmnm (inannsins) 
hinum gadkii fmnni (manninum) 
hinn godha jfi^iin (nn^iMnififil 
AmiV godhu menn (mtnnimir) 
hinna g&dhu manna (-fia) 

/iiUJiHi gadhu (ififnniiiii (mhnnu- 
nuiu) 

hina godhu menu (iiu'iJiniia) 

Am gadkn. (-«) "the fjood 

woniiin ' 

klniiar god/m k&nu (kanunor) 
itinni god hit kanu {kommni) 
ktna godhu konu (-na) 

Note al^o that the lucIcL luiicJe eiMM 
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PL N. hinar goim konur-mr 
G, hina goim koni^-na 
D» /ij}i//Mi konunutn 

A. hinar gom kmttr-nar 


hinar godhu konttr (-nar) 
hinna godhu kz^onno (X'XYfinana) 
/iiniini godhu konum (i^crniiniini) 
kina godhu konur (-na) 


N. hitt got^ badn-i 


hidh godha barn ’ the gtiod 


child ■ 


D. /nViwiK goira biidn 4 num. 
hitt gaz^a badni 


hf ns god ha barsts^ fTwr) 


htnu godha tcirtif (^arnfuu) 


PL N, hint goint bodn-ini 
G. htnna goz^ badna^na 


hidh gadka born (-fd/i) 
/ihi godhu born (bdrujii) 


Ajijna gudhii bama (barHa»i:i) 

godhu homum [bdrnu- 


ii»in) 


A. h ini gaz^if bodJi-ini 


hitt godhu bom ( homin ) 


Here it shotdd be noted tliat the original geanitive lias practically 
disappeared in F+ cntlnquial, having been replaced by tbe analytical 
fortti with the prep, hjd (tshoa), as lutsidh kjd pabba [hiusi tshoa 
pabba) "the father's house." This tendency is the same as that seen 
in tnod. Eidgarian* which has practicalJy discarded all the complicated 
Slavonic case-endings in favor of prepositions. Another new and 
striking form of ihe gen. in personal names Is vtty much used in the 
Faeroes at present, especially in Straumoy, vii^., Voakups-sar boaiur 
* Jacob's boat": Anjm so houk " Anna's book/ As llaegstad remarks 
(ViTstjwrskc Maalfbre^ p, 137), this seems to remind ihe observer of 
the West-Korse gen, with the poss. jih* as Jakob jjti baai; si 
bok, hut it is really quite different in every respect^ as the F. form 
employs the indeclinable id. This form seems to liave its origin in 
the many F. personal names which end in -jr in the nom. preceded by 
a vowels and have a gen. in -arj. of which combination the indeclinable 
so is probably a corruption. In connection with the above paradigms 
the Following facts should lie observed: Kotc in the masc. indcf, 
adj., the acc, pi. appearance of -ar as compared wHlh TceL In the 
F. fem. indef. adj., note ihe insertion of ihe ii-helping vowel in the 
dat, sg, -arp; I cel. -H, In the F, neut. indef. adj., observe the reten* 
tion of -J^i in the dat. as -Ktn fpr. -uu ): led. ti. 

In the F, definite dedensipn, the suffixed article may be and usu¬ 
ally is retained with the prefixed article /piji, hin^ hit. This phenom¬ 
enon occurs also in modem Swedish: licfl ^oe/a(p) iiEanncM * the good 


PRINCE—THE FAEROE LANGUAGE 


161 


m^nJ In led.* however, if the defmlte prefixed article is the 
suftix may not be employed; thus in one may say: Ajb gmd 
inaimrin, hut in led* either /ii'nn godhi ^nt2dhtir or godhi mudlturinn. 
Note in the F. def. neuter daC sg;,, the -wib (pr* -mu) ending: hinun 
goi^ badninun^ not kept rn Iceh and the F. noni, acc. JfOJ* goxm 
biidnini as cordpared with IceL kin and 

In spite of the apparent sinularily shown by the above comparison 
between F. and led., the difference of the F, phonetics nmkes this 
dialect phonetically very distinct. This fact may be better illustrated 
by a phonetic comparison between the respective 


Personal Pronouns and Numerals. 


Fatrtte. 

icc/[WidiV. 

Faeroe. 


eg {eh) 

jeg (jVtft) ' I' tA 

thu (Iwd ffi) 
^thou^ 

mtn (wiuin) 

min 

flit (hiin) 

maer {mar) 

injer (tnyer) 

taer (tar) 

thin 

meg {mch} 

mig {mtih) 

teg (tekh) 

thjer (/A^yrr) 

tit or I'Qer (vdr 

) zddh ‘ wc ^ 

tit (or 

; pr. thidfF^ thycr 
* you ^ 

okkara (or 


tdr) 

osara) 

okkar 

tykkara 

ykkar ydhar 

okkiitn (or oj) 

ukkur 

lykkum 

ykkfir ydhur 

(or ar) 

okkur 

tykkum 

ykkur ydhur 

hann 

hann * he ^ 

hon 

hun (/ui^in) 
^she* 

hans 

bans 

hennat 

hoHum 

hontim 

hetmi (henne) henmr 

hann 

hann 

hana 

henni 

hana 

tadh {tad) 

thadinC 




thess 



ti (fiij) 

th^ 



tadh (tad} 

thadh 

Faeroe^ 




Fchl 

Nflut. 

ieir (tahr) 

taet (Jadr) 

tey (teh) 

feirra (imrra) 

letrra (tairra) 

tcirra (tairra) 

Icimum (fdiTBiin) 

(^aimnii) 

ichnum (/atinun) 

leit (tair'i 

taer (tddr) 

ley (ieh) 

*^The politf^ 

farm of the a p. 
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Icrilcpidic. 


thdr {thekr) 
tfieirra (tk^hra) 
ihei$n (thehm) 
their {thehr) 


Fem^ 
thaer {thair) 
theirra 

theim (thehm) 
thuET (thmr) 


ffeuL 

ihoi * they ^ 
ihiirru {thehray 
theim {tJvehm} 
thoi 


OsDtNALS TO Twenty^. 


Faeroe. 

ain 

/E'cnV 

trtdshir 

fuira 

fimm 

saks 

shch 

offa 

nuidshe 

tuidshu 

cdlivu 


Icrtattdie, 

chdn 

H^ehrs 

thrirs 

fydrirs 

fifNSii 

scks 

she 

utitta 

tiiU 

tm 

cdlcvu 


Faeroe. 

tiiHiilv 

fretian 

fyiihrtm 

fimtan 

sextan 

sehishan 

otshan 

nmishan 

(cf* 

Swed. ijugu^ 
pr, tshiigu) 


The F. verliaj forms are similar to those of led 
will be apparent from a few examples. 


Icelamdk. 

tilv 

threUQun fhard 

tk) 

fy^rtmn 
fimtQun 
sextaun 
soitshaun (cr 
setshauny 

nlishatm 

tiiUughu 

The variation 


Verbau 

Present 

lietoadk. 
jeg nem 


Formas, 

Fmperfeet. 


Faerae. 
eg mini 
tu rennifr 
hann rennur 

tdt renna (or 

fit rc-jffid (or 

rennidh) 
tcir miwfl 


//lii 

hann nemur 

4 

zddh nemufn 
thidh ne^nidfi 
their itema 


Farroe. 
eg rann 
i w rmnst 
hmn rann 

iHt mnnu 

fit nmnu (-dh) 

Uir runnn 


leetandk. 
jeg nam 
ihil mmsf 
hann nam 

vidh 

Oi} er 

their ndmu 


The subjunctive with its characteristic -i oentrs in bath idioms^ 
as pres, sbj* for all persons; IceK lio^niij wuffipiir^ naemi^ 

naemum, naemudh, um'irin. 

The tEdperf, pf. farm in both dial'ecLi takes llic o-siifaMJ! whenever pos¬ 
sible. 
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It will be oh^rved that F. lias lost the inflections c^jjtcially in the 
pres- pi. and throughout the subjunctive. 

FtuaJIy in this connection, the following comparison het^-een F,* 
IceL, and the '* Norse-Norse " idiom as used today by the extreme 
partisans of "tme Norwegian'* In Norway may prove of biterest^^^ 

hikka^ koiUnuin*hfmn er hfidur luiHdmr, myukMiirdur iSafattur 
I. li/fit OK kotHttn; hattn err fremurs iittdh d!rs, mynkhmrdhur iam- 
fiitturs 

N- sho po katim; han er am lu-Mur life diir, myukhadrd lohgfoft 
Look: at the cat; lie is a rather little animal; soft-haired, low-footed 

F. o-eh haltilanggtir^ Tiiadmr cru stutiar Q^h kutme Ushi kn^ppasi 

I. akh medh langga nkm. TuMnars em j^Mf^drr akh ekkyi 
bekhf sikh ahis 

Np a med ai lang riwa. Tame er stuiie o kann ikkyc kreppa r^r/j i 
hop so goft 

and with a long taiL The toes are short and cannot bend themselves 
as ivell 

F* sum finggrar akkara. 

1- okh ^w^^wrwirf au 
N. pngramc z*ore. 
as our fingers. 

Music. 

The Fae rings have preserved a w^ealth oE dances accompanied by 
many ancient dance songs w hich are characteristic of these islands. 
They also stiU use a number of narrative songs of the saga variety* 
some of which even refer to episodes connected with King Pepin, the 
father of Charlemagne {Pippingur oa Fraklandi^ ^ Pepin of Frank- 
land') and of other early monarchs. Most of these aii^ have a 
melody variation of only lour or five tones and are believed to go 
back to a prehistoric origin. A specimen of a still popular daticc song 
given below may be of interest, in closing this brief sketch of a people 
who have kept tlieir nationality in much the same manner as has been 
done in Iceland, owdng to a thousand years of comparative isoladon. 

^•Haegstadn pp. 183-190 ■ F j>honetic» by Misa 

Mikkeben; Teel. photietiCA by Mr. Kristian AnnaHssoii^ an Icelandic student 
m Copenhagfen. 
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Text or Song (Phonetic). 

Bmhnjtveifis 

ffflvr td st*<ira mar bluit me yupgga 

Hearken Stiowii/hite answer me blithely with the j’oung o 

£ rtiiyo HI JunJ of feiyo fHor vaiv 
I ride to the w*ood to beg we a wife 

Adi faviirt lyovar muin tungga 
So fair rings my lay (longue) 

Lystir me ui dans goa »iur y«ngga 

I long to go m the dance with the young folk 

Bruhnt Sr muit silke hoar; myodlkstiit ro o>i 
Brown 16 my silken hair. 1 myself am snow-white 

Adi favtirt lyovar fwii^ga 

So fair rings my lay (tongue). 

BuuacKAi'llV or Recent LmSATUHE oK the FaeboeS- 

Fotisktit Vitur tFaeruese popular Songs), Faeroe ^lely. 

J. Dahl, FSroysk MMIoern HI SkAabr^ks Grammar (or Sdwol Use). 

Faeroe Sodclr. Copenhasen and Chriillama, 1 ^- 
A. C. Evetisen. Stevingarbik (Spelling Book). Thorshi^.^. 

A C Evmsen, Slavi^garbok og Usaret fyri Adr, Eon* (Spetlinfi and Read¬ 
ing Book for older children}, Thorahavn, 1918. - h 

Jakob Jakobsen, Farroensr with historical tKatise, Thnrshavti 

and CopcTiiLageTi, igol- , *, -t 

Jakob Jakobfiim, EvcfHyr, Copenhagen tS, L, 

JaktIh 1 lko'£n?FH 9 '^f««-ii (Birdsotiga). Ce^hagen i| S 

Jakob Jakol^cEi. Font Nmilsdp, Lwwga og Irknwgar (Paul Noialsoe, 
hktojT ind Activities) + Thqnshavn, igia. 

M. A- Jakohsen. Raetsli»vi«gar Regiur (Rules o£ Orthography). Thorshavn 

Afdcl/Srr (West-Norse Grammar). VoL IL 

netx pronunciation (a valuable wort). Copen^geti 1888-1S91. 

Us-,b 6 k (Reading Boot). Faerot Ulerary Society, Thorshavu. 1911, 

Raymond Pllet. Rapparl sur mne AftfJimi m hlatide tt aux Islet Fervi. 

PbtIj (Ernest Le roll*), 1915- ,,1- tn..„. 

Songbdk FBreytko FAkt (Songbook of the Faeroe People), Faeroe Ulerary 

Socictyt Thorshavii:! i&l 3 r 

n^ Ai siwe by Miss Mikkelscn from Hj, Thuria'i FAkrsaMrn pao Fat- 

rBi-rn^ p' 
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Hjalmar Thiiren, FDlkfmK:^cn paa (Moil Sooner) ^ Copeahapm, 

190 SI 

HJalrncr Himncn, Dans og Kvmidtfflrifng paa (Dance and Snog 

poetry m the Faeroes) (Host Soiioet)^ Copcohagea^ igoi. 

^''arcfiH (Hie Worldaii illustrated periodical, bcginnoi^ 

LecATtotf OF THZ UNiTEin States of Ameeica, 

CoPE^THACEW* March Hi 1022. 


St 
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MINUTES. 


Sta!fd Meeting i January 6, 

William B. Scxrrr, Sc.D.^ LL.D.^ President, in the Chair* 

The decease was annaunceid of 

Henr^' Turner Eddy, Ph.D,, Sc.D., LL.D., on December II* 

19^1, ffit 77* 

Mr. Alfred Flinh, of New York, read a paper entitled ''Engi¬ 
neering Research and Vicarious Teats.” 

Stated Aleettiig. February j, ip22, 

William B* Scott, Sc.D*^ LL,D,, Presidenti in the Chair. 

Tlie decease was announced of 

Rt. Hon. James Bryce* Viscount Bi^Te, O.M., LL.D.* D.C.L.^ 
at Sidmouth, England* on January 22, 1922^ ^et. 84. 

Mr. H. Goodwin, Jr., read a paper entitled ” The Meaning of 
Superpower to the Public/* 

Stated Meeting, March j, 

William B* Scwt, Sc.D., LL.D*, President, in the Chair. 

The decease wa? announced of the following: 

James W. Holland^ M.D.^ at Philadelpliia, on Fehniary lo* 1922, 

XL 73. 

John C, Branner* Ph.D., Sc.D., LL D,, at Stanford University, 
on March r, 1922, st, 71* 

Dr. Walton Brooks McDaniel read a paper on 'VAneient Sur¬ 
vivals in Modem Greece and Italy.*' 

Stated General Meeting, April jo, onif jj^ ipjj. 

Opening Thursday Afternoon, April jo. 

Hampton L* Cajison, LL,Dk^ Vice-President, in the Chair. 


IV 


MINUTES. 


Prof, Paul Shorey and Prof, E. Washburn Hopkias, recently 
elected members, subscribed the Leiw 3 and were admitted into the 
Society. 

The following papers were read: 

**Our Contradictory Economic Policy,'^ by E. M. Patter&on^ 
Pb.D., Professor of EconomieSp University of Pennsylvania. 
(Introdnced by Prof. Emory R* Johnson.) 

" The Distribution of Human Ability in Europe/* by Ellsworth 
Huntingtonj Ph.D,^ Research Associate in Geography, Yak 
University. (Introduced by Mr. Henry G. Bryant.) 

" George Hammond and Robert Liston—British Ministers in 
Philadelphia/’ by J. F. Jamesonp Carnegie Inshtution of 
Washinglon, Department of Historical Researchp discussed by 
Mr. Carson and Dr, Hays. 

The Threefold Trinity p” by E. Washbnm Hopkins, Ph,D-i 
LL.D.* Professor of Sanskrit and Comparative Phiiology^ 
Yale LTniversity- 

The Use of Devices for Indicating the Vowel L(*ngth in 
Latin/* by John C, Rolfe* Ph.D.^ Frof^sor of Latin Language 
and Literature, University^ of Pennsylvania. 

A Sketch of the Modern Faeroe Dialect/" by J. Dyneley Prince, 
Ph.D„ LL S. Envoy Extraordinary and Minister Plenipoteti- 
tiary to Denmark. 


Friday^ April 

Executive Session, to O’Clotk. 

William E. Scxjtt^ Sc.D., LL.D.^ President^ in the Chair. 

Dr, Lawrence J, Henderson, a newly elected memher, subscribed 
the Laws and w'as admitted into the Society. 

Tlie President delivered Ids Annual Address as follows: 

"Linder the new laws of the Society adopted last autumn, it be¬ 
comes the duty of the Chair to present to the Sodety at this executive 
meeting a brief report concerning the activities of the Society for the 
preceding year and the state of its property and peTSonnel, 

"The total number of members of the SodeD" on December 31 
last was 476; 403 being residents of the United States and 74 foreign 
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members. Of the American mem berg, i^i reside mtliia 30 miles of 
the hall, which is about 25 per cent, of the total memberRMp r 
reside beyond 30 miles of the hall, almost 60 per cent, of the member¬ 
ship. The foreign membership is about 15;^ per cent. For some 
ye^rs past, by direction of the Society, no foreign members have been 
clerled, because it was thought that the percentage of such members 
was already too high ^ and It was resolved that untiJ the number of 
foreign members was reduced to 50 no further additions to the list 
should be made, save in case of unnstiaJ emergency. During the year 
18 n>embers died and 15 were elected. 

“ During the year eight stated meetings were held, and there was 
one special meeLiiig for the purpose of receiving ^ladame Curie, who 
had been elected to membership in 1910. She exhibited and de¬ 
scribed one of the mstruments which she and her husband had used 
in acetirate measurement of radio-activity. At the same meeting the 
Board of City Trusts of Philadelphia presented to Madame Curie one 
of the John Scott medals and awards. 

“At the annual General Meeting, in April lastp 108 members were 
present and 54 papers wori! read. The Hcmn’ M. Phillips prize of 
$2,000 was awarded to Mr Quuicy Wright, of Minneapolis^ for his 
essay entitled * The Control of the Foreign delations of the United 
States.* 

“Tlie report of the Curators is to the effect that the coUectiotis 
of the Society, both in the building and those which are deposited 
elsewhere, are m good condition. 

“The Treasurer's report has been printed and distributed for 
your information. It may be briefly summarized as follows: 

“The assets in the Treasury, at par, of securities is S3iOftxx>, 
one half of which belongs to Llw general fund and the odier half to 
special funds. The securities are in tlie custody of the Pennsylvania 
Company for Insurance on Lives and Granting Annuities, as our 
agent For the collection of income^ 

“The general income of the SGC^ety^ for other tlian trust fund 
purposes, is about $13,000. 

“The Building Fund, which is in the hands of the Girard Trust 
CompanyH as Trustee, amounted at the last report to $72^16. The 
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income of thi& liind is added to tbe principal as It accrues. Since 
this report the Society has received a legacy from the estate of our 
late member, Ferdinand J. Dreer^ of $3 p 53746, which the Societj^ has 
voted should be added to the Building Fund+ bringing this up to 
about $75^50- 

""The Publication Committee has been much hampered hy the 
strike of the printers, which has aEecled nearly the whole country^ 
Two numbers of the Pn^ceedings were published in 1921, and two 
other numbcrst completing the volume, were published early in 1923. 
Under the new laws, the committee has appointed Dr. Alexander C. 
Abbott to be the Editor of the Society's publications. 

“ The question of sdeutific publication ts one of the most difficult 
problems which scientific men have to lace at the present time. All 
avenues of such publication are choked with contributicinB which de- 
serve publicity, but which can not have it under present conditious. 
Of especially distressing urgency^ is the question of adequate illnstra- 
tions for the papers published. The extravagantly inflated prices 
wiiich have been brought about by the make such ilbstrations 
almost unattamable, and lithographic plates are only for rnuUimil- 
lionaires. In my judgment, the Society could do nothing so service¬ 
able to science iti this country as raising a fund which should enable 
St to increase its publications extensively, and especially to provide 
suitable and proper illustrations. This sennice to our sdentific public 
would be well rewarded in the increase of the Society's prestige and 
reputation. 

The I..ihrary Committee reports the total number of volumes in 
the Library at the end of 1921 to have been 69,687, of whidi the 
accessions of tlic year were q6o volumes. In addirion to these, there 
are 41^369 maps. There are sent to the Lihraty' 1.833 serial publica¬ 
tions, of winch ip255 are received in excliange For the Society's pub- 
Lications. The subscriptions and exchanges for all countries, with 
the exception oF Kussfa and the Balkan States, have been resumed; 
the gaps created by the war have been brgely filled up and measures 
arc being taken to fill the gaps that stiJI remain. 

This gives you in brief form a statement of the Society's activi¬ 
ties and plans; and I would, in closing, particularly urge upon you 
the necessity of doing something to increase publication and provide 
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illustrations. The Society has largely increased the sum to be devoted 
to publication in the ensuing year, hut this will do nodiing more than 
put us back where we were before the inflation of prices began, and 
does nothing to rncr^se our facilities. This, I take is the most 
important problem that we have to solve.** 

Session, O'Cloirk. 

The following papers were read: 

"Novae as Variable Stars,” by E. Batiiard+ D.Sc.^ LLX>,, 
Professor of Practical Astronomyj University of Chicago, 
Aslronomer of Yerkes Observatory. 

The Message of a Meteoritc/*^ by Moiijoe B, Snyder, of the 
Philadelphia Observatory. 

** The Effect of EHtimal Variation of Oc3€i Rates Upon Longi- 
tude Work,” by R. H. Tucker^ C.E., Lick Observatory, Mt 
Hamilton^ California, discussed by Prof. Ernest W- Brown. 
"Discussion of a Kinetic Theory of Gravitadoo, IT.; and Some 
New Experiments in Gravitation. Second Paper,” by Qmrles 
F. Brushy Sc.D., ULD*, Qeveland. 

" Absorption Spectra and Ionization Potential In DEssociated 
Gases/' by Karl T. Compton, Pli.D., Princeton Univ'ersity- 
(Introduced by Dr. Augustus Trowbridge.) Discussed by 
Profs, Goodspeed and Snyder, 

Recent DevelopmcruLs in Vacuum Tubes and Tbeir Use,*^ by 
J* Morecroft, Columbia University, New York. (Intro¬ 
duced by Dr. W, Goodspeed.) 

"A Primary Standard of Light,” by Herbert £. Ives, PhJT.* 
New York City, 

” Surface Equilibrimn of Certain Colloid Solutions,** by P, 
Lecorate dii Noily, M.D,, of the Rockefeller Institute. (In¬ 
troduced by Dr, Carrel.) Discussed by Prof. Scott, 

^ O'clock. 

FIampton L. Carson* MA., LL^D,^ Vice-President, in the Chain 

Messrs. Douglas Campbell* John J, Carty, and Moses Gomh^gp 
recently elected members, subscribed the Laws and were admitted 
into the Society, 
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The following papers were read: 

Notes on the Ecology of the Govers {TnfolmtH.)/* by John W, 
Hajshberger* AJB., Ph.D,, Professor of Elotany, University of 
Pennsylvania. 

The Cj^ioplasm in Development and Heredity*” by E. G, Conk¬ 
lin, Ph.D.p Sc.D.^ Profesjsor of Biology, Princeton University, 
"The Supposed Serial Arrangement of the Genes, and its Pela- 
tion to Theories of Ctossmg-^ver in Inheritance/’* by H. S, 
Jenningsp Ph.D.p LL.D., Professor of Zoology and Direcrtqr of 
the Zoological Laboratory, Johns Hopkins Universiiy. 

"The ReladDn of the Petinal Image to Animal Reactions/" by 
H, Parker* S.D.^ Prof, of ZooL* Harv'ard Univ* 

” Parallel Mutations m CEnothera,” by George H. Shull, B.S., 
PhJ>., Professor of Biology, Princeton University, 

” Some Climatic and Topographic Characters hi the Rings of the 
Yellow Pines and Sequoias of the Southwest,"' by A. E. Doug¬ 
lass. D,Sc,, Direclor of Steward Obser^^atory, University of 
Arizona. (Introduced by Dr. MacDougaJ.) 

The Probable Action uf Lipoidals in Growth, ' by D+ T* AJac- 
Dougal, M^., Ph.D^, LL.D.p Director of die Department of 
Botanical Research^ Carnegie Instituticm of Washington* Tuc¬ 
son, Ariitona, discussed by Dr. Ernest W, Brown. 

"A Posstble Explanatiott of Eocene Qimates,** by Edward W. 
Berry, Professor gf Pal^ntology* Johns Hopkins Universtty. 

Friday Eveninff^ 

Air, Vernon Kellogg spoke on "The Power and Impotence of 
Alan/^ 

Saturday Marning^ Apnl 

Rjrfcuiive Session^ to 0*Clocks 

William B. Scott, Sc,D.* LL.D., President, in the Chair. 

Prof. Edward Capps and Dr. T* B. Osbgme, recently elected 
memhers, subscribed the Laws and were admitted into the Society, 
The Society proceeded to the election of Officers and Councillors 
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for the ensuing year and for members, and the Tellers sub^uently 
rcrported the following as having been elected; 

President. 

William B, Scott. 

Fwre-Prfjfden fs., 

Arthur A, Noyes, 

Henry' Fairfield Osborn. 

Hantplon L. Carson, 

Secretaries. 

Arthur W. Goodspeedt * 

Harry F. Kdler, 

John A. Miller, 

Curai&rs, 

William P, Wilson, 

Henry H. Donaldson. 

Treasurer^ 

Eli Kirk Price. 

Councillors^ 

(To serve for three years.) 

Lafayette B- Mendel, 

Herbert S. Jennings, 

Wflliam W* Campbell^ 

Robert A. Millikan. 

(To fill an unexpired term in the class of 1920,) 

FcILk E. SchellLng, 

Residents of the United States. 

Charles Elmer Allen » Ph.D., Madison ^ Wis. 

Rollins Adams Emerson^ Sc.D.^ LLH., Itliaca. 
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Worthington C. Ford, A.M„ Litt.D., Cambridge, Mass. 

Frederick E, Ives, Philadelphia. 

Irving Langmuir, Pii.D., Schenectady, N. Y. 

Roland S. Morris, A.B., LL,D., Philadelphia. 

George William Korris, A.B., M,D„ Philadelphia. 

Charles Lee Reese, Ph.D„ Wilraington, Del. 

Harlow Shapley, Cambridge, Mass, 

Henry Skinner, M.D., Philadelphia. 

James Perrin Smith, A.M.. Ph.D., LL.D., Palo Alto, Calif, 

Charles Cutler Torrey, -AM., Ph.D,, D,D., New Haven, 

Robert De Courcy Ward, A.M., Carabridge. Ma ss 

Henry Stephens Washington, AJil., PhJ>„ Washington. 

David I.,ocke "Webster, Stanford University, Cal* 

Tlic resignation of Dr, W. M. L. Coplin was received and ac¬ 
cepted. 

Maming Yciiioji, /o.jo O’Oock. 

William B. Scott, Sc.D., LL.D.. President, in the Chair. 

The Following papers were read: 

“Hyracodonts from the Big Badlands of South Dakota,” “The 
Small Entelodonts of the White River Oligocene," by W. J. 
Sinclair, Ph.D., Department of Geology, Princeton, N. 1, 
(Introduced by Prof, W. B. Scott.) Discussed by Prof. 
SCDtt. 

"Lithology of the WhJte River Sediments " by H. R. Wanleas. 
Princeton Universfty. (Introduced by Prof. C. IL Smytli-) 
Lava Ootnes and ThEir Composition in the Malay Archipelago/* 
by H. A. Brouwer, M.l., Professor of Historic Cieology and 
Paltontologj'^ Technical High School, Delft, I^^therlands j Ejt- 
change Professor at Univ. of Mfchigat], (Introduced by 
Prof. W. B. Scott.) 

** Apijlication of EiDptn^5ic:a] Reiicarchci& to Medical FroblernsT** 
by Cieorge W, Crile. M.D., and Hugo Fricke, Ph.D., Qevo 
land. 

"Experiments in EpideITlioIog>^'* by Simon Flexner. M.D., 
D.Sc., LL,D*, Director of laboratories, RockefclJer Inst, for 
Medical Research. 
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id 

"Fishes Used in Gu^yaqnil for Mosquito Control Against Vd- 
low Fever," by Carl H, Eigeatnanu, Ph.D., Profeasar of 
Zoology, Indiana University. 

"The Carbonic Acid of the BIchmI in Health and Disease/^ by 
Lawrence J. Henderson^ M.D., Asst. Professor of Btological 
Chemistrvn Har^'ard Medical School 

" Some Recent Experiments Concerning the Nattire of the Ftinc- 
tion of the Kidney,*^ by A. N, Richards, M.D., University of 
Pennsylvania- (Introduced hy Dr. H. H* Donaldson.) 

** The Biblical Manna/* by Paul Haupt, Ph.D., LL J>.. Professor 
of Semitic Languages, Johns Hopkins University. 

Aftmwon Session, j O'Cioek. 

Wrc-LiAM B. Scott* Sc.D.^ LL.D., President, in the Chair. 

Prof* Wilder D, Bancroft, a recently elected memher, subserfbed 
the Laws and was admitted into the Society. 

The President announced the award of the Magellanic Premium 
to Paul R* Heyl and LiTuan J* Briggs, of the U. S. Bureau of 
Standards, for the invention of “ The Earth Inductor Compass/^ and 
presented to them the Magellanic Gold Ikledal. 

Messrs, Heyl and Briggs exhibited a model of the compass and 
described it, and Lieutenant J. Parker Van Zandl, official rc'presetita- 
tive of the U* S, Aviation Sendee, made some appreciative re¬ 

marks on the invention. 

The President made the following remarks on the retirement of 
Dr* Hays from the Secretariat after a continuous service of twenty- 
five years: 

'* Tht members of the Society will have noted, with feelings akin 
to dismay, that for the first time in many years ihe name of Dr* 1 . 
Minis Hays is absent from the list of Secretaries* Dr. Hays having 
retired in spite of the many urgent requests that he should continue 
in office. 

" It is difficult to understand what the Society can do without Dr* 
Hays* for he has been its mainspring and driving force for years past. 
The Society^ was in a moribund, or at least a comatose, condition when 
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he began his works and Dr, Lddy about that time described it to me 
as an example of " hoiw a Society that pretended to deinand some 
meastite of distinction from those whom it elected to membership was 
Eloomed to sterility and inactivity by that very fact,' Now this has 
all been changed; and the annual G^erd Meeting of this Society^ 
which was inaugurated on Dr, Hays's suggestion, is universally re¬ 
garded as of great Importance. The Sate Professor Pickering, when 
Vice-President of the Society^ once remarked from this chair that 
this annual meeting had become, in his opinion^ the most importani: 
and the most interesting scientific e^ ent of the year, 

""All this we owe to Dr. Hays, and-it 15 fitting that the Society 
should recognize his invaluable seiynces. I will therefore call upon 
the Secretary to read the Resolution which he has prepared for this 
occasinn.” 

Secretary Goodspeed offered the following minote: 

'MVhereas we have all known for some time of the intended 
retirement at this time of our senior Secretary and Librarian, Dr. 
L Minis Hays, and 

“ \Vhcrea5 we are ah deeply impressed with the inestimable value 
of his long and faithful service to oiir honorable Society, wCp tlie 
members, hereby unite to record pur deep appreciation of all Doctor 
Hays has done to forward the interests of the Society^ and our sin¬ 
cere regret that he is to be no longer with us in his former official 
capacity, together with our earnest desire ttet he may yet for many 
years remain our willing adviser in the conduct of the affairs of the 
Society.^' 

This minute vras duly seconded and unanimously adopted. 

The rollowmg papers were read; 

“ Description of Earth Inductor Compass." by Paul R, Heyl and 
Lyman J. Briggs, (Introduced by ihe President.) 

“ Syinposium on the Age of the Earth/' 

“From the Geological Viewpoint/' by T, C Chamberlin, 
Sc.D., LL.D., Professor of Geology and Director of the 
Walker Miiseunip University of Chicago. 


MINUTES. 


Xlll 


“ From the Pjil2eQiitolQgical Viewpoint," by John M. Oarke^ 
Pli.D., Sc.D., LL.D., Director of the Depamnent of Sci¬ 
ence and State Mnsenni, jMbany, N. Y. 

“ From the Astronomical Viewpointp-' by Enicst W, Brown, 
M A., Sc.D., Professor of Mathematics, Yale University^ 
^^Froto the Radioactive Viewpointp" by William Duane, 
Professor of Biophysics, Harvard Medical SdiooT. 
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DISCUSSION OF A KINETIC THEORY OF GILWTTATION, 
11 ^ AND SOME NEW EXPERIMENTS IN 
GRiVVITATlON. 


Second Paper. 

By CHARLES F BRUSH. 

A year ago I had the honor to present to this Society the first 
paper under the present title. Tlie sceotid^ or experimental part of 
that paper^ appeared to show that et|Ual masses of zinc and hiitnuthp 
also of iron, and presumahly of other metals and substances, do not 
have exactly cqital weights; in other words, that the m(tss-uu.^ht 
relatipTiship differs in different substances. For instance^ a given 
mass of bisniulh appears to weigh a little more tlian an eqtial mass 
of zinc; or, to state it differently^ as in the pendulum experiments 
following, gravity acts more strongly per unit of mass on bismuth 
than On zinc, 

\\''hen established, this is a fundamental fact of supreme impor¬ 
tance ; and tlw pro,sent paper is devoled w'holly toward its cotifirraa- 
tion, leaving theoretical consideration for future papers. 

As the following experiments relate only to the dif¬ 

ference between nnc and bismuth, I ahall, for simplicity, refer to it 
as the '* zinc-bisniiith effect." 

Of the several experiments detailed in the first paper, that of the 
two gravity pendulums is the simplest and most easily understDod, 
ihc most accurate and reliable, and has brought out most suggestions 
of possible sources of error. The latter arc all considered in the 
following revnew and extension of the pendulum exf^criraeuts; and 
Hie conditions as to length of rods, and weight and shape of bobs» 
have been wddely varied. In every case the former zme-hismuth 
effect has been confirmed, and in rio instance has there been any 
negative or equivocal result. 

Kftoc. AftSttn* t-’HU. T01_ LSI, H, T OV. l6, i^aa. 
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Review ani> Extension of Gfavitv Pfxdolum Expemmekts 
Desckibed in First Paper, 

Most of this work has been pttrposely delayed until after publica¬ 
tion of the first paper,* in the hope that if any source of lar^ error 
had been o%*erIooked at the time of writing that paper, it would he 
pointed out by some one. Nothing of this sort has been brought to 
nTii' attention. 

The next four or five pages^ as far as Table I., are in substance 
quoted from the first paper. 

Plate I. shows the pendulum apparatus as originallv installed, to- 
pnether with driving clocks at the top, added later for long-contiiiued 
observations. 

A starting cradle, moving in guides on the low table just below 
the cylindrical zinc and bismuth hobs, serves to start the pendulums 
swinging exactly together in any desired amplitude. After pushing 
the bobs suffideotly to the left, the cradle is suddenly withdrawn to 
the right, leaving the bobs free. This device is entirely satisfactory 
in performance. 

A horizontal thick plate of hardened steel is very firmly bolted to 
the lower flange of a heavy iron I beam imbedded in the masonry of 
the ceiling and walla of the room. The plate is dropped 6.5 cm. 
below the beam by cylindrical iron spacers through which the Iwolts 
pass, and is carefiiUy leveled. Near one edge of the uj^per face of 
the plate is a long shallow \/ groove of 90“ augle^ with a slightly 
rounded Ijottom carefully ground straight and polished after the plate 
was hardened. 

From this plate liang tw^o exactly similar pendulums of about 
2'.284 m. effective length and 15^ cm. apart. Each pendulum rod. 
except for a few centimeters at each end, is of mild steel, perfectly 
straight, and i.G mm. diam. Both rods were ait from the same 
specimen, so as to have the same temperature cDefficient. Tile upper 
20 cm, of each rod is 0.4 cm. diam. round steel with fine screw' thread 
and thumb nut on its upper part. The thumb nut has eight radial 
hole,s for a long brass pin, the whole adapted to effect veiy fine 
adjustment of pendnhtm length. The thumb nut rests on the hori¬ 
zontal face of a (xj® triangular "knife-edge” of hardened steel 
i Pit*C\ An. Pnu.. Soc-,^ V0I. LX., No. 3, igas. 
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through which tht rod The npper part of the tod h slightly 

Battened on one side by grinding, and a thntnh screw in one end of 
the knife-edge block bears against the flattened side of the rod and 
clamps it firmly in the bfock after each length adjustment is maden 
The knife-cdgCj groimd true and sharp, rests io the plate groove 
above described^ while the rod passes downward through an opening 
in the side of the plate>. 

Each pendulum rod terminates at its lower end m a straight brass 
rod 13 cm> long and rtn. diam, A perfectly straight horizontal 
steel pin passes loosely through the brass rod near its lower end, and 
on this pin the cylindrical bob* or weight as 1 shall herra^ftcr <^11 it, 
rests. 

Fig. I shows the upper and lower parts of one pendulum in detail^ 
with the bismuth weight in place* 




1 

i 


Bi 

Fic* r. 

The brass rod at the lower end passes just freely through the 
weight, and accurately in its axis, A weight la easily removed from 
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either pendulitm by lowering it after thv pin is withdrawn, and an¬ 
other weight may he substituted by reversing the procedure. While 
this is being done the pendulum rod is kept taut hy another tetnpo- 
rar>', radially slotted, lead weight applied just above, and resting on 
the upper end of the brass rod. Thus the weights forming the bobs 
of the two pendtdunis may readily be exchanged without disturbing 
anything else. 

The weights to he compared, bismuth and zinc in tlie first instance, 
were made vers' accurately the same in height, and with upper and 
lower ends as nearly plane and parallel as possible, by careful grinding 
on a perfectly flat surface. 

It is essential that the centers of gravitj- of the weights be exactly 
the same distance above their supporting pins. To assure this, each 
weight was adjusted to have its center of gravity txactly midway 
between its upper and lower ends by the fpllowing procedure: The 
pendulums hai.’ing been started swinging with a definite amplitude 
and brought to synchronism by length adjustment, one of the weights 
was turned over ; this at first resulted in loss of synchronism at the 
same amplitude. Tlien, as indicated, the upper or lower cylindrical 
portion was slightly reduced in diameter by turning off or sand¬ 
papering in the lathe. Again the pendulums were siiTichroniaed, and 
again the same weight was turned over and synchronism tested. 
This process was repeated again and again with each weight untd 
either could be turned over without affecting synchronism in the 
slightest observable degree. In making these adjustments verj’ 
minute departure from synchronism could be detected in half an hour 
at the turning points of the swing, 

Instead of making the cylinders the same in diameter, they were 
made approximately the same in v/cighi, about 1,377 
when they were exchanged the length of the pendulum rods would 
not he affected. Otherwise it would have been necessary to apply 
corrections for the elastic modulus of the rods and for their effect on 
the crnfcr of ojf/ffohort of ihc with every exchange. The 

latter correction would have been very large, and liable to error. 
Finally, the zinc and bismuth pendulums were adjusted to syn¬ 
chronism as perfectly as possible in 40-minute runs with initial ampli¬ 
tude of 35 cm. As it turned out, the bismuth pendulum w’as then 
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materiallT imgcr than the sine one. It was the whole aim of the 
pendulum experiinents to detect and measure this difference if it 
existed. 

Next, the weights were exchanged, so that in effect the bismuth 
pendulum was now the shorter one hy dmible the former difference- 
On again starting the pendulums, at the former amplitude, loss of 
synchronism was easily observable in 2 mirutes—the bismuth gaining. 
In half an hour the bismuth gain was wry large. In the same and 
other forms this rueperiment was repeated many times, and always 
with the same unequivocal result, 

KqualiCy of air resistance was effected by attaching small paper 
canes to opposite sides of the hisinuth normal to the line of swing, 
of such size as to produce air damping equal to that of the zinc as 
shown by equal time loss of amplitude, The necessary vanes arc very 
small. 

It appears from this experiment tliat the earth's gravitation field, 
which is here the accelerating force, grips the bismuth more strongly 
per unit of mass than it grips the zinc per unit of mass; in other 
words, a given mass of bismuth appears to wfigh ware than the sami- 
mass of zinc- Apparently the length of a standard seconds pendulum 
may depend ou the material of which it is made, 

The greater diameter of the zinc cylinder slightly lowers its center 
of oscillation; and this accounts for about 10 per cent, of the effect 
ahfive described, as determined by elaborate experimentation which 
need not be detailed here, and which was approximately verified by 
computation. 

-A pair of high-grade, weight-driven clock movements w'cre next 
added tn the apparatus, as shown in the upper part of Plate and 
adapted to drive the pendulums continuously at an amplitude of 
13 cm. 

After synchronizingthe zinc and bismuth pendulums at this ampH- 
tude, the zinc and bismuth weights were e.'ichanged as heretofore 
described. Then they were started exactly together and allowed to 
run until they were again exactly together, the bismuth having thus 
gained two full beats. Half the elapsed lime was taken as the ^.Tihic 
of one heat gain. 

.Again the pendulums were synchronized, the zinc weght now 
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being on the pendulum iormerly occupied by the bismuth weight; 
then the weights were exchanged as before, the pendulums started 
together, and allowed to run until the bi^uth had gained two beats 
as fonncrly. This procediire was for the purpose of verifying the 
first finding and to expose any considerable difference there might be 
in the performance of the driving docks. No such difference was 
found; yet for verification the same procedure was followed in the 
next experiments. 

A cylinder of very pure iron was next prepared, of exactly the 
same height, and approximately the same weight as the zme and 
bismuth cylinders^ and adjusted for center of gravi^^ with the same 
care. 

The iron weight qr cylinder was then cumpared with the ?inc 
weight and with the bismuth weight, with the same care used in com^ 
paring the zinc and bismuth as above described. The iron gnve 
results intermediate between those of zinc and bismulh. 

Table I. shows the performance of the zinc-iron, the iron-bismuth, 
and the zinc-bigmuth combinations^ Tlie measurements of time re¬ 
quired to gain one beat check and confirm each other remarkably well. 

As the pendulums make about 2,388 oscillations per hour, tlie 
bismuth gains one beat, or osdJIatioa, in about 17432; but as before 
pointed out, the real zinc-bismuth effect b Only half of this, say, one 

Tasl^s I. 

Zint-Iran 1 ^% trs. ] 

■“ / 17 hrt. 

lron-Bi»tntii]i ij hrs^ 

^234 " i Alcim 13 hrs- 

" J 

Zinc-Riisimith 7 Lra, zo min 4 

7 16 " r 71 hn 

Zinc Iron Bismulh 

> 1 , —--- •, __ ■ 

(7 13 hn 

74 hrs. 

Reciprocals: 

I I I 

17 = 7 -i 6 
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part in 35.QC10. Thus a tvtiifht-mass diff^ercnce effect appears fairly 
well estahlii^hed and is impressive. 

Effect fl/ In equal H*^eight of Babs ^—In tlic foregoing ex'periniimts 
the zinc cylinder or bob weighed about 7 grams Ic^s than the bismuth 
fabout yi per cent.); and it was knowm that this would tend to 
speed up^’ the zme and inalfe the period difference or “ zinc-hbmuth 
effect" appear less than if the bobs were equal Lti weight. Bui it 
wa.? thought that the effect of this weight difference was so stnall that 
it would not he worth while to delay the experiments several days to 
correct it, though computation would have shown differently* 

I -ast sumnier a review and ejctensioo of the pendtilum esperiments 
was ETornmencedp and the first thing done was correction of the weight 
deficiency- of the zinc cylinder. This was effected by placing a tightly 
fitting eqttaloriaJ band of thin sheet zinc on the cylinder and driving 
it slightly one way or the other until perfect adjustment of center of 
gravity was had, as and tor the reason heretofore explained. Finally; 
the zinc band was secured from accidental displacement by seveml 
very smalt drops of solder at its edges. As it turned out, the banded 
zinc, instead of being 7 grams lighter than the bismuth as before cor¬ 
rection, was tlicn about one tenth gram heavier than the bismudn 
This latter difference h trivial and w^as not corrected, 

Tlie effect of equalizing the weight of the zinc and bismuth was 
uncKpectedly large. Instead of the bismuth gaining one beat in 7 
hours jS iTiinutes, as shown in Table I., it now gained a beat in 
$ hours II minutes. 

The reason for the large disturbing elTdCt of any considerable 
weight difference between the bobs is perfectly clear. It ts due to 
the distribution of weight in the equal pendulum rods. Obviously, 
if we could have stretchless and weightless rods, even large weight 
differences between the Ijobs^ whatever they w^ere made of, would 
liave no disturbing effects except those due to different diameters* 
wditch would change their center of oscillation and air resistance. 

But the center of oscillation of a pendulum rod alone is very /nr 
above tliat of its bob, and it is the restillant center of oscillation of 
the combined rod and bob tliat w^e have to deal with. Dearly, then, 
if w^e reduce the weight of a bob, we raise the center of oscHlalion of 
the combination and thus shorten its period. 
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The new and enlarged value of the zinc-bi&muth effect found, as 
above described^ clearly does nol invalidate the Usefulness of Table L 
as a check on the acoinic>^ o£ the work done before correcting the 
weight of the zinc bob. If the new value were introduced iti a similar 
table^ it would simply increase the zinc-iron effect (less hours for 
one beat gain of iron) as well as the zinc-bisnmth effect, and show 
that the iron is more closely related to bismuth than to zinc in effect 
producing qualities- 

Inequality of bob weights is much the largest and most daitgernus 
source of error I have found in the pendulum experimenis i dangerous 
because it ts nofe very obvious (no one has pointed it oue), and if 
overlooked may lead to wholly erroneous results—even reversing the 
sign of the zinc-bisimith effect. 1 have said so much about it far the 
guidance of others who may wish to try pendulum experiments for 
themselves. 

The next step to make a new pair of zinc and bismnth hobs 
as nearly as possible exactly like the original pair, extxpt that the zinc 
cylinder is sbghUy larger in diameter so as to have the required weight 
without hariding+ and tile bismuth cylinder purposely has a coarser 
cry stalline structure. 

The new castings were made like the old ones, in molds consisting 
of vertical iron cylinders somewhat larger iu diameter than the fin¬ 
ished bobs, wdth an asbestos paper tube extending above. Thus the 
castings were chilled at their lower end, and rather rapidly cooled 
throughout. 

But before machining, the bismuth casting only, was packed in 
molding sand in an iron box and gradually heated in a large electric 
muffle furnace above the melting point of bismuth, and then allowed 
to cool very slowly through the freezing stage of the metal by suitably 
reducing the heating current in the iuniace+ This procedure surely 
resulted in a crystalline structure of very large grains. 

Finally, the now cylinders were worked to weight, paral¬ 

lelism of ends, and adjustment of center of gravity wdth all the care 
and patience exercised W'ith the earlier c>dinders. The weights of 
the new and old cylinders are now as follows: 

Weight of old zinc *...... grams 

Weight of new zitic ... T.3Ea^3 

Weighi of old bismuth ...." 

Waght of new bi^muLti “ 
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t«arge weighings like these are made with a 2-kilQgrani Becker 
balance of the most improved easilv sensitive to a teDth milli¬ 
gram vriLh fidl loacL 

The members of each pair of cylinders are made so doselj^ alike 
in weight because the3^ are to be superposed on the pendulum rods; 
and any difference in weight would shift the center of gravity of the 
pair* 

The purpose of the second pair of bobs is, first, to permit com¬ 
parison of bobs of the same metal^—I am often asked to do this; and, 
second, by superposing the zinc or the bismuth, to prcndde bobs of 
double the former weight and \^ry different in shape. It was not 
expected, however, that even such large variation of weight and shape 
of bobs would throw any new light on the subject; and it did not, as 
will appear. This will be gratifying to such of tm' friends as have 
been bothered wJth doubts in these respects. 

Next, the old and new bismuth bobs were mounted on the t^ifO 
pendulum rods; synchronized, exchanged, and period difference 
measured; again synchronized, exchanged, and period difference 
measured, all as formerly done with ^inr and bismuth bobs. In 
addition to this, each bob, after exchanging, was turned over and 
tested again so as to average out any small errors that might have 
been left when center of grarity adjustuients were made. Tn these 
experiments the small pajicr vanes on tlw old bismuth cylinder were 
eliminated in effect by turning them into the line of swing. 

In ft-cry instance the new bismuth tjamrd over the old bismuth, 
but not much. Averaging all the measurements, the mean gain was 
about .6 mm. per hour measured m middle of swing with a reading 
telescope. Whole amplitude was about 114 cm. Hence somewhere 
about 190 liours would have been required for a full beat gain^ such 
as takes place in altoiit 5 hours when zinc and bismuth are compared. 
Therefore, we may call the new hismuih-bismutb effect aboui 2 J/i 
per cent, as large as the normal sinc^bismutb effect. 

The above shows too much difference in bebavior between old and 
new bismuth cylinders to be attributed to experiinental errors. It 
seems not unlikely, then, that there is a real fnass-wdght difference 
betw^een the old and new bismuth cjdinders. It is believed that this 
difference is due to difference in eiy^stalline structure. If this \$ the 
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true expknaricjn, it Is cxceedmgly iiiteresting^ in showing that physical 
condidcn affects the relatinn n£ weight and mass in bisrmitlip and 
presumahly in other substances. Certain other e^cperlutctits on ^^ry 
different lines, which will he detailed in a ftitiire paper, appear to 
support this view. 

But the old and new j^hic cylinders, when compared with similar 
care, also showed a similar, though smaller, difference in behavior, 
the new xinc being faster than the old. This may be due to the fact 
that tlic new bob was made of electroh'tic zinc, presumably almost 
chemically pure, while the old one was made of ordinary' comincrdal 
zinc, presunmbly not nearly so pure. 

The latter and subsequent experiments were greatly facilitated by 
using a reading telescope located in the plane of the pendulum wires 
when at rest, and focussed sharply on the nearer wire Just above tbe 
brass rod which carries the bob. This leaves the farther wire hazy 
in outline, so that the two wires are easily distinguished as they cro$s 
the field of view. When the pendulums are in sjmehromsm, the wires 
are superposed as they cross the center of the field* In this way 
very small departures from synchronism tan be detected in a few 
minutes, which wonid require many times longer to grow sufficiently 
to be seen w ith the unaided eye, 

Next^ both zinc cj Hndcra were mounted ou one pendulum rod^ the 
new one above - and both bismuth cylinders on the other rod, the new 
one above, all as shown in Plate XTIT. (the plate, however, sbowdiig 
much shorter pcudulum rods). Tlie old bismuth cylinder had its 
small paper vanes turned normal to line of swing, while the new 
bismuth cylinder carried a very thin aluminum vane normal to swing, 
of computed area sufficient to make its air resistance equal that of 
the new zinc cylinder. 

Here we have bobs of double the former weight, and very different 
in shape* Of course, the periods are slightly shortened. 

Then these double bobs were fully compared in the same manner 
as were the former single bobs. The closely same results are shown 
in Table IT. 

Both pendulum rods were next ^oiicncd nearly a mcler, and a 
suitably higher table was placed below them, ^ shown in Plate VUL 
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PLATE VI t< 
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Fig. 1. TkMothcriflin bo^s iDiw3graf»hy as expofi^d lu Indian CTneek. Big 
Badlands. Note tlie roundtd char^iclcr of the hdls, Tlie Sheep Moiintam sec¬ 
tion of Oncodon and Lrtinaticlicnia hedi is seen m the distance to the IcfL 



Fic. a, Sertioii of the Oreodnn hc<lfi m Corral Draw, Big Badlands. The 
upper ncKlulzr level is niarked (*), and ttic lower lanc af rnsty nodnlea or 
The red layer (**)- Photo from the coTlection of the late S- W. Willision. 
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Plats X 




Fiu. 1. Sectimi af tJic U^ptaui:] itn ia vokanici ash IjctU in s canyon of 
SliMp Mountain, Bir Badlands. The top nt the columnar iTnkal wcailieriiig 
in the picture Is the top of divisitm In) 03 the L^iitauL'lieiiia beds, as de¬ 
scribed in tin; itxt- Above this is the wisite ash layer" of Maliliew, division 
ii/0 cii the tcKt, This appears lighter colored than division {a)^ and doeii not 
show Tcrtical calumnar weathering. 


F[S. 2 . Sectinn of the Orandan Leds m tlie Wall of the Badlands at Cedar 
Pass, north oi Jnterior, Jackson Connty. The ceatTral highest pinnactci arc 
ca]>[>ed by l^ptauclieiila voteank ash beds- Tlie subdivision of the Oreodon 
beds here ento upper days, upper nodular layer, middle days, and lower nodtj- 
lar layer arc dearly sho^vn, especially in the right half of the picture. The 
upper nodular layer Is niHirkcd {*) and the low'cr nodular layer 
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TABLE 11. 
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SHOkT PENDCLimS. 
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Zn and Bi ^ | 
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10-4 =*.'ri'i** 

Double Bebf . -, +. ^ +| 


1 

ia*.i 

1 esft3P| lo-j-S 

SI 0 




Pewods. 

• Single Beal* p«r. rnmnle. 

tjjng PendnUims. Single Bobs .. J5I.B34 

" “ Danble Bobs .... . 3^953 

Short PeniluStims, Single Bobs ..-■.-■..i*-■■ ... Si-S4® 

** *' Dtinblc Bobs * 5J-75J 

The single and double bobs on the shorter rods were compared as 
before, with results shown in lower part of Table II. But reversal 
of the larger and smaller time quantities in columns i and 2 lead to 
strong suspicion of experimental errors, probably due to insufficient 
care in exchanging the bobs after synchroruiing. Unfortunately, as 
the last experiments were made quite recently, there has not been 
time to repeat them. 

£^^fl of Crealrr Diameter of Zinc Bebt on Center af Gyration .— 
In last year's paper this effect, with the long pendulums, was esti¬ 
mated to account for about lO per cent, of the whole iinc-bismuth 
effect as experimentally found, and somewhat more than this by 
computation. But the fact that this correction should be doubled 
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when applied to the amgle (or real) zLnc-hi&muth effect was inad¬ 
vertently overlooked. 

Table IL that this correction {subtractive) for either single 
or double bobs on the long pendulums is 22 per cent., and, of cQursei 
grows rapidly as the penduJoms are shortcocd. 

It is seen that the very consistent results of single and double bobs 
of equal weight on the long perLduiiuns indicate a zinc-bismuth effect 
of about one part in 32,000. But in all tlie penduliioi and other 
experimenls the end sought is not so much quantitative accuracy as 
quaiitatjve certainty^ In the present stage of the general investiga¬ 
tion it matters little whether the trtte zinc-bismuth effect is one part 
in ten thousand or a hundred thousand^ the great poiru is to make 
ji#rc that it is smn^thing tangible. This is the purpose of my long 
course of experimentation. 

Another, though small, correcdoai might be made in Table IL 
(additivedue to the fact that the pendulum rods are of dtffereni 
material from the bobs. 

Effect of Unequal Air am often asked if per¬ 

formance of the pendulum experiments in t^dCJiUNi might not greatly 
affectj or even ohliterutc, the apparent zinc-histnuth effect* To this 
I can confidently answer nt?. As I see it, the only thing to be gained 
by working in A-acitum would be elimination of unequal air resistance- 
due to the unequal diameters of the zinc and bismuth cylinders. 

But this is easily compcnsalcd -when working in air by attaching 
to the smaller bismuth cylinder small and very light vanes of paper 
or veiy thin aluminum normal to the line of swing of sultahte area 
experimentally found or computed. This was always done in the 
foregoing experiments. 

Careful experiments have shown that wholly uncompensated in¬ 
equality of air resistance would increase the apparent zinc-bismuth 
effect only about 10 per cent. The effect qf the air vanes on the 
bismuth ts to slightly lengthen its period. 

It is well known that wind pressure on a cylinder* nortnal to its 
axis^ is approximately half that on a plane surface of a width equal 
to the diameter of the cylinder* Therefore, if we were to place on 
either double bob cylinder shown in Fig. 2 a plane air vane normal 
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to line of swing, and as high anti broad as a single cj^linder* it would 
double the air resistance of that pair. 

The diaineters pf the zinc and bismuth cylinders are, respectivelyp 
and 61 mm., and their common height (single) 48 mra. Inci¬ 
dentally it will be seen that a zinc c) Under has iS per cent greater 
diameter than a bismuth cylinder, and presumably ifi per cent, more 
air resistance. 

An air vane of thin cardboard 48 mm. high was placed cm each 
dogble pendulum bob as shown in Fig, 2; that on the zinc 50 mm. 
wide, and on the bisranth S3 mm. wide, as shown by the dotted ImEs. 
The vanes were adapted to be turned into the line of swing, which 



Fic. i 


was equivalent to removing them, or normal to the swing, which 
would give them full effect. 

It is easily seen that either vane, when turned normal to line of 
swing, dmiblcs the air resistance of its pendulum as compared with 
the other pendulum baling its A-ane in the line of swing. 

Prior to adding these very large vanes, the pendnlnms had b^n 
srachronized and their bobs exchanged as in the last entn- of Table 
II., showing the mean time required for the bismuth to gain one beat 
was 186 minutes. 

WTien the air resistance of the zinc was thus made d&ttbh that of 
the bismuth, the time required for tlie latter to gain one beat was 
137 mmutes. WTven these conditiotis were reversed, giviug the 














180 BRUSH-A KINETIC THEORV OF GRA\qTAT10N. 


muth double the air resistance of the zinc, the time required for the 
btsmulh to gain one heat vraa 274 minutes. 

Thus it is seen tliat when we give the zini; more than fire times 
its itticompen sated normal excess of air resistance the apparent zinc- 
bismuth effect is increased only one half; and when we give the bis¬ 
muth 100 per cent, cjcmj of air resistance, instead of its normal 18 
per cent, deficiency', the apparent zinc-hisniuth effect is still very con¬ 
siderable after correcting for radius of gyration effect, 

I hope these rcductio ad absurdmn experiments make it dear that 
no error need accrue from swinging the compensated pendulums in 
air in-stead of in vaenum. It is true that in racuum the periods of 
hotli pendulums would be slightly shortened; but th^ would he 
equally" shortened. 

Effect of Local Dlstortiati of the Earth's Magnetic Field.—It has 
been suggested that distortion of the earth's field by large masses nf 
iron in the laboratory and in the building structure may have some¬ 
thing to do with the observed zinc-bismiith effect. 

There are no considerable masses of iron nearer than about 3 
meters from the swinging bobs, and their distorting effect must be 
very nearly uniform in the small space in which the bobs swing; so 
that both bobs will he affected substantially equally. However, to 
test out the effect of great distortion of the earth's magnetic field in 
the Immediate vicinity of the bobs, and very unequally for the two, 
the following experiment was made: 

After synchronizing single zinc and bismuth bobs on the short 
pendulums, a large cylinder of very pure soft iron 31 cm, high and 
7 cm. diameter, shown on right front comer of table in Plate Vlll. 
(never left there, however, during other experiments), was placed 
vertically with its axis in the plane of the two pendulums at rest, and 
with its axis 10 cm, away From that of the nearer boh; and later in 
the .same relation with the other bob. Then the T>obs were started 
swinging together. 

In each case the nearer bob was accekrafed. hut only about ii 
per cent, as much as bismuth is always accelerated when the bobs are 
exchanged after synchronizing. The amplitudes were slightly dimin¬ 
ished, When a glass cylinder of similar size was substituted for the 
iron, no disturbanire of period was observed. 


BRUSH—A KINETIC TilEORY OF GRAVTTATiON. 


181 


It 15 dear, thtn+ that in (:Ive customary absence of iroti anTOhere 
near the bobs they can not be imeqnally affected by the earth's mag¬ 
netic field to any appreciable cjctent. 

Necessity of Ffry Rigid Supf^oti for the FendithmSr —WTien two 
pendulums art hung^ from the simie support, there is a wdl-known 
tendency of each to influence the other by slight motions imparted to 
the common support. It was to counteract this teudency that the 
common support of the pendulums used in these experiments was 
made so rery rigid. 

The following experiinertts were made to test the efficiency of this 
provision^ and the double tx>bs w'cre used because of their greater 
weight, and the short pendulums because of thdr greater angular 
amplitude. 

Tlie pendulums were bo closely synchronised that no appreciable 
change occurred in 3 hours when swinging together. Then they 
were started as nearly as possible in opposite phase, and again allowed 
to swing 3 hours. Again they were started a half phase apart^ and 
allowed to swing 3 hours. In neither case was there any observable 
change in phase relation during the three hours' run. Three hours* 
run was deemed sufficient, because that was about the time required 
for the bismuth lo gam a whole beat when the bobs were exchanged. 

Tluis it is seen tliat the pendulums do not obser^'ablv' affect each 
other because of their common support. 

To find to what extent, if any, the pendulums affect each other 
by the interaction of the air eddies w^hich they set up; the bobs were 
exchanged as usual, started together, and time required lor hvo beats 
gain of bismuth taken. Then they were again started, and immedi¬ 
ately a large glass plate was placed vertically midway lietween the 
pendulums in the line of swing, and resting on the table. Again the 
time required for two beats gain of the bismuth was measured. Tins 
procedure was repeatefl without, and with the interposed gk.ss plate, 
and with the following results! 

Tike ar Twn Beats BiSMCTn Gain, 

Wlthuut pktr ..... 35- minutes 

With glass plate ..._ , 35a 

^^lll^oul gtaiE jilmtc . + P - H ,*. .**4 + _ 360 

With glass plutc 4 ... « 
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The meun effect o f tbe gk^s h to speed up the hisoiuth 6 minuteSp 
or about i .7 per cent, 

Thi5 small discrepancy in periods may be largely due, and almost 
certainly is partly due, to the effect of the glass plate on the slight air 
imjTents iinavotdably present tn the room. The plate shields one of 
the bobs from these currents* and hy reflection accentuates their effert 
on tlie other bob, except wheii^ if ever, the currents happen tn be 
closely in the plane of the plate. 

Hence we may conclude that the effect of interacting air eddies set 
up by the bobs is negligibly small. 

The foregoing: review and extension of the pendulum experi- 
mcnts+ unless some at present unsuspected source of lar^e error is 
discovered, leads me to bcliex'e firmly that there is a real and very 
considerable mass-weight difference between zinc and bismuth. This 
belief is strongly supported by the torsion pendulum experiments of 
last year,^ and by several other lines of experiment now in progress, 
one of which I shall hriefly describe t 

A tnost carefully designed and constructed instrument of precision 
has been huilt for comparing the velocities of freely falling bodies in 
two aluminum containers, alike in size, shape, and smoothness of 
surface. These are loaded to exactly the same to equalize air 

resistance effects, and dropped sknultaneoiisly, side by side, from 
exactly the same height always. Have had no trouble with this part 
of the apparatus. 

After falling about 120 cm. the containers strike a pair of targets 
exactly equidistant from their starting points. This adjustmenl is 
made by loading the containers with the same metal and reversing 
their positron again and again while adjusting the targets until the 
containers strike them simultaneously* The mechanism is such that 
the containers push the targets aside after striking them. 

When the containers are loaded with zinc and bismuth, the one 
containing bismuth strikes its target just a little before the zinc one 
arrives. The lime difference must be of the order of a hundred 
thousandth part of a second, and the beautiful timing mechanism 
detects this easily. 

Blit in using this apparatus a persistent collateral phenomenon 
developed, which promises to be of great interest. Tliis k being in- 
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vt^slJgated, pending which a description of it, and of the complete 
apparatus and its timing device, as well as the general results ob¬ 
tained, is reserved for a future paper. The pertinent fact here is 
that bismuth apears to fall a little faster than zinc, thus confirming 
the pendulum experiments. 

Clxvelaxu, 

April, igzi^ 
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li iNTKODTJCrrON. 

Since iS47t when the first While River fassil was described hy 
Dr. Joseph Leidy, the abundant and varied fauna of this series, as 
exposed in the Big Badlands of South Dakota, has made it a. center 
of iolerest for paleontologists and collectors* During the field sea¬ 
sons of 1920 and igai the writer has worked in this area with Pro¬ 
fessor W, J. Sinclair with the object of tracing the detailed fatinal 
changes and determining, from the lithology of the beds, the condi¬ 
tions of sedimentation through the successive foTtnations which make 
up the White River series. The work has been carded on In the Big 
Badlands south and southwest of the town of Scenic in rermington 
Count)v and along the W‘all of the Badlands north of Interior in 
Jackson County. 

The earliest investigators assumed that most of the Tertiafy 
manimaLbearing beds of the west were lake deposits, and tlmt the 
excellent preservation of the skulls and skeletons they afforded was 
due to protection by water from subaerial weathering and disintegra- 

lJf 4 
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tioti. Hatcher was among the first to suggest the possibility of a 
fiood-plain of Auviatile origin instead of laoistrrnc, and e^ddence in 
recent years has been acciunulatLng which supports his hypothesis. 
We are now able to recogtiiEe rivcr-channel* fresh-water pond, sheet- 
floods and eolbn elements in the series. In the present investEgation 
the writer has endeavored to draw from the lithologic characteristics 
of the sediments the sources of the material, the methods of transpor¬ 
tation and deposition, and the physiographic and dimatic conditjons 
under which the White River faunas lived and evolved. 

II. Genebaozed Section of the Big Badlands. 

To make the stratigraphic relations of the various types of sedi¬ 
ments more clear, a generalized columnar section of the Big Badlands 
is presented in Figure i. C, correbted with a section of tlie Oreodon 
beds from the Wall nf the Badlands near Interior^ about 40 miles to 
the east, and with Wortman^s 1S93' section, which has been generally 
used as the standard section for the lUstrict and is now somewhat in 
need of revision. The datum plane of correlation used is the top of 
the lower zone of rusty nodules or “ Red Layer," as defined below. 
The stratigraphic elements of the White River series may be briefly 
indicated as follows: 

I, Titanotherium Beds .—^Tliis gone consists of clay beds with 
numerous large sandstone channels. Thin limestone lenses are fre¬ 
quent throughout, but caliche zones are rare or absent. The subdivi¬ 
sion of the Titanotberiiim beds into Upper, MiddlCp and Lower zones 
in Wortman^a section is based on the supposed zonal distribution of 
titanotheres presenting different stages of horn dcvelDpment, as 
worked out by Hatcher.* A corresponding stratigraphic or lithologic 
subdivision has not yet been recognized and it is doubtful w^helher 
such wdll ever be posaible^ The thickness of the Titanothcrium beds 
in the sections measured by our expeditions varies from no to 13Z 
feet, wrhich h somewhat less than Wortman's figure of iSo feetp 
though there are doubtless thicker sections than those measured by 
the wrilcrp for the Titanolherium beds vary greatly in thickness from 
point to pointp resting as they do on the very irregular erosion surface 

Afuj, Bm(L. lfc3h rP- 98-9. 

Naturafitt^ Marcb, 1893. 
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Fig. 1 . Cprrelation diagratn of sections of the White River forniaiEon 
Seoion C; (l) algal ball horizon, Quinn Draw; { 2 ) MetAmynodon channel 
sandstone, Quinn Draw; ( 3 ), (4), {S> and ( 6 ) Metamynodon channel ssnd^ 
stones in Corral Draw; ( 7 ) Mctamynodon channel itandstone; Little Corral 
Draw: ( 8 ) Solid sheet of algal limestone, Little Corral Draw; ( 5 ) Tfiin jbeel 
of illidfieil limc^tode at base of Dreotlon 
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the Pierre shide. The lower part of ttie Titanotherium beds con¬ 
sists of blue and lavender days niade up entirely of reworked Pieme 
shale and affording calcareous nodules with cone-in-corie structure 
containing remanie Pierre sliale fossils-^ This lower zone is dis¬ 
cussed below in connection with ground water circulation. The 
channels and limestane lenses are so numerous auid, apparently, local 
that their stratigraphic positions have not been indicated in the gen¬ 
eralized section. 

2. Oreodon-Meiamynodon Pedj. — (u) Wall of the Badlands sec¬ 
tion. The Oreodon or Middle WTiite River series as generally de¬ 
veloped consbts essentially of clays with local limestone lenses, inter¬ 
rupted by channels nf coarse sandstone containing itf^famynodon. 
In the Wall of the Badlands section near Interior (Fig. i, they 
are divided intot (a) lower zone of rusty nodules and clays; (£f) 
intermediate clay zonei (c) upper aoue of nodules, more generally 
greenish than rusty; (d) upper clay zone. (See Plate II, Fig. 2.) 
The upper zone of uodules as here devdoped is absent in the Big 
Badlands and the same term is there applied to a thin caliche zone 
which b remarkably persistent over at least 50o square miles and may 
extend farther yet, but does not occur, or has not been identified, in 
the Interior section. 

(b) Big Badlands section (Fig, i, C), The base of the Oreodon 
beds Lu the Big Badlands is defined by discontinuous thin bands or 
lenses of silidfied limestone or chert, ranging where present from two 
inches to one foot thick. This division plane was mentioned by 
Darton^ when be first defined the Chadron and Brule formations^ 
Where the limestones ate absent the line of change in the weathering 
betw'een the Oreodon and Titanotherium beds is used for the contact 
plane. The profiles developed on the Oreodon days, as a rule, have 
steep slopes and a more angular appearance, while the Titanotliertum 
beds weather with gentler slopes and more rounded surfaces. Plates 
I. and 1 1 . b ring out this contrast dearly. 

In the same area, the lower zone of rusty nodules, or 5cn:iaUed Tur- 
tle-Oreodon layer or "red layer," is defined by Sinclair^ as beginning 

* VoL p- Z54 i^ 

* Profess Eon aJ Paper, 35 ; U. S. G. S.. p. ^ 1 . 

“ Piioc. OF THE Ameel PoujCiSm Soc, VqI 40, pp. 457^466l 
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with the algaJ Jimestone or chert band at the base nf the Oreodon beds 
and contimiing upward from 29 to 4^ feet (var^'ing with the locality 
generally overlain by a more greenish clay or nodule-bearing horizon 
much poorer in fossils than is the red laycr^ The red layer consists 
of pinkish clay with rusty-bro^vn caliche nodules in fairly regular 
bands or irregularly distributed. In the Indian Creek sections usti- 
ally from one to three nodule-bsring horizons are found in it, while 
in parts of Corral Draw as many a-s ten levels of nodules may occur. 
Elsewhere, as on Cain Creek, six miles east of Scenic^ nodules are 
locally absent over large areas, and the whole lower Oreodon series 
consisls of clays. As it is often impossible to tell at what part 
of the lower zone the nodules arc developed it has been found that 
the upper layer discussed at greater length in the paragraph following 
makes a better datum plane than the lower zone. Both of these zones 
are very fossil if erous and the intervening clays from the upper nodu- 
lar level to the base of the Oreodon beds have also produced many 
important fossils. Professor Sinclair's paper on the '"Turtle-Ore- 
odon layer or ' red layer/ a Contribution to the Stratigraphy of the 
White River Oligocene/' which has just appeared, disaisses primarily 
the lower nodular zone, and reference may be made to it for further 
details. 

The upper level of rusty nodules is sbt inches to one foot thick 
and So feet, more or less, above the base of the Oreodon beds, or 40 
to 60 fc?et above the top of the Lower nodular zone, the variation be¬ 
ing due to changes in the thickness of tlie latter. As mentioned above, 
this thill zone of nodules is so widely distributed over the area of the 
Big Badlands tliat tt makes the best datum plane in the whole series 
of the Oreodon beds. It has been clearly recognized at points sep¬ 
arated by 23 miles {Amold^s Ranch district, 12 miles southeast of 
Scenic and Battle Creek Canyon, 30 miles southwest of Scenic) and 
may be found to have a still wider distribution. 

The ehannels which cut the lower zone o£ rusty nodules arc char¬ 
acterized by the presence of the large aquatic rhinoeeros, jl/rttimyjio- 
dflit, and are therefore called Metamynodon sandstones. They cut 
the Oreodon clays at various levels, hut are most tiumerons between 
the upper level of rusty nodules and the base of the OrQ3don beds. 
The stratigraphic position of six o! these channels is shown in Fig. i. 
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Section C, which also gives the position of a limestone lens in Little 
Corral Draw and an atgal ball level in Qiiinn Draw, 

The clays above the upper nodular level are generally alternate 
bands of pale pink and pale green beds with very few channels and 
nodular layers and no Umestone lenses observed. The average thick¬ 
ness of this day series in the Big Badlands is 160 to> 170 feet, with 
3 ^'a^iatiott of not more than to feet in three sections measured 
20 miles apart. This clay zone is less itileresting because of its 
poorer fossil content and lias not as yet been studied in much detail. 
Around the western and sotitberu ends of Sheep Mountain this clay 
series is capped by^ a heavy sandy nodular layer about 50 feet thick, 
hut this layer was not observed eSsewbere. 

3. Leptmchema-FFQtQ€cr(JS Series. — A. Protqceras Beds. The 
name Protoceras beds has often been applied to all of the Upper 
WTiite River, but should be restricted to the stream channels cutting 
the so-called Leptauchenia clays, the former alone carrying a Pro- 
toceras fauna. No channels over 30 feet in thickness liave been 
obsen^ed by the tvrilerr, and M'^ortman's figure of 50-75 feet U prob¬ 
ably somewhat excessive. The position of these channels is generally 
at or near the base of the Leptauchenia beds. As Lite Protoceras 
sandstones are only formed in stream channels, many sections contain 
tio Protoceras beds at aJl, the LeptauclTenia horizon nesting directly 
on the Upper Oreodon days. It has been supposed that the Proto¬ 
ceras sandstones were deposited right in the stream rhaimels where 
the current was strong, w'hile the I^ptauchcnia “clays'" were de¬ 
posited at the same time itt the quieter bockw'aters. In many samples 
of Protoceras sandstones, however, water-worn concretions are found* 
such as are very' characteristic of the Leptauchenia beds. These con¬ 
cretions were BufTtdently consolidated at the time ot the Protoceras 
channels to be preserved as pebbles in the sandstones formed. This 
sHdw^ that the Protoceras channels w^ere actuaHy cut through the 
Leptauchcjiia beds and are thus younger than part of the latter zone, 
older Leptanchenia befis and are thus younger than part of the latter 
zone. This suggests contemporaneous erosion of the country rock 
by the channel forming streams, 

B. Leptanchenia Beds, The most complete section of these is in 
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Sheep Mountain in the Big Badlands. They are subdivided in ascend¬ 
ing order into; 

(a) VertitaJ, columnar weathering, ash beds often affording abun¬ 

dant nodules same what resembling coprolftes in shape and size. 
Each nodule has a vertical central tube around w-hich the 
nodule seems to have grown by conccntrit accretion The 
cementing material of these nodules has not yet been investi¬ 
gated. The general color of this division is pale pink. Thick- 
ness, 165 feet. 

(b) A massive, white, volcanic ash layer aL the top of the zone of 

columnar weathering, 66 feet thick. Thig and division (a) are 
shown in Plate II., Fig. i. This zone is 7n9re rcristant to 
weathering than (a), but does not show vertical faces. 

(r) A capping of 50 to 75 feet of pinkish nodule-bearing volcanic 
ash beds, exposed on the highesL parts of Sheep Mounlain. 

This gives a total thicknesis of 281-316 feet for the Sheep Moun¬ 
tain I^tauchenia beds section. If Matthew* is correct in correlating 
the Sheep Mountain '' White Ash ” layer wiLh that exposed in the 
Porcupine Creek section of the Lower Rosebud Miocene, about so 
mile^ south of Sheep Mountain^ divisions ( 5 ) and (r) of the above 
sequence may belong rather to the Lovrer Rosebud than the White 
River. This correlation is at present tentative and must be worked 
out by a more thorough study of both the stratigraphy and the faunal 
changes. 

Additional stratigraphic details, it is hoped, may be presented in 
a subsequent paper. 

III. Method of Investigation. 

The melhod pursued in the examination of the sediments is essen¬ 
tially that described by CrookJ A sample of 50 grams was selected 
for study and, in the case of the finer sediments, was crushed so 
that aU of it passed through a one-millimeter mesh. This was done 
in order to allow the acid to act freely on all parts of the sediment, 
so that all of the csdcareous cement would be dissolved. This was 

* Matthew, BuSL Am. Mus. Naf. Hist., VoL 23, pp. 169-219, 1907, 

^ Hatch & RajstalT, " Tcxthcioh of PelfDloey; T!ic Sedimentary Rocks" 
16113, pfi. 339-414 
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tlien tri^ated with dilute hydroclilaric acid until no eflfervescetice fol¬ 
lowed the addition of more add- The residue was then washed and 
dried at iio“ C- and weighed, the difference representing the quantity 
of soluble cement. The residue was then placed in a beaker and 
w^ater added to a level 9 above the base of the beaker. This was 
allowed to stand 10 minutes, in which time all particles with a density 
of quarts or greater and a diameter greater than 0.01 mm, settled. 
The liquid with the mud was decanted and this process was repealed 
unlil the liquid was clear at the end of 10 minutes. The residue was 
then dried and weighed, the difference in weight representing ihe 
amount of mud m the sample. The residue was then decanted to 
ranovc silt The sediment was covered with 14 cm. of water and 
allowed to settle for 30 seconds and decanted. Tliis dccantatioii was 
continued until the liquid was clear, some of the silt being saved for 
e>::ainlnation. The particles thus separated as silt have diameters of 
0.01 to o.i mm, ,^11 coarser residues^ when dried and W'eighed, repre¬ 
sented the sand content of the sample. 

Ill samples containing a noticeable percentage of heavy rntnemls^ 
the sand residue was treated in a separatory funnel with Tlioulet's 
solution Cmercuric chloride and iodide dissolved in water) of a density 
of 2,95-3,0. By this method the rarer heavier minemls were concen¬ 
trated and their amount and variety determined. Froin the heavy 
concentrate the magnetite was removed by an ordinary horseshoe 
magnet, and it was found that a fair concentmte of micas for study 
purposes, without attemp[ at quantitative separation^ could be made 
by sliding the lighter sands repeatedly from a sheet of paper, where 
the mica flakes generally remainetl on account of their flatness. 

The sands^ silts, and heavy concentrates were then studied micro¬ 
scopically, with a series of liquids of known indices of refraction, and 
the individual minerals thus determined. 

IV- Types of Sediments. 

In the sequence of sediments composing the White River scries 
there are: (i) Strcanurhannel sandstones^ represented hy those of 
the Protoceras, Metaimmodon, and Titanotherium levels whose rela¬ 
tions to the surrounding days can, generally^ be easOy deciphered. 
Due to the superior resistance to weathering of the sandstones^ the 
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courses of old stream channels can often be traced clearly* sometimes 
by the crest of a high divide, sometimes by a marked ridge of sand¬ 
stones across a modern creek valley^ 

(2) Fresh-w-ater JJrnestcne deposits. These ocatr at various 
Iwrizons through the Titanotherium and Oreodon beds and represent 
small pond or damp meadow deposits. 

(3) Sheet-flood deposits. These constitute the bulk of the sedi- 
meats of the Badlands and are nontiaJIy days not tliorotighly cDosoli- 
dated, except where they have been old land surfaces for considerahle 
periods, and have given rise to nodular or "caliche"^ beds by the 
drawing up of ground water to the surface where it evaporates, leav¬ 
ing its mineral content a^ a cement for the day^, 

{4) Volcanic ash beds. The term Leptaiichenia Clays ” is in¬ 
appropriate, as the Leptauchenia beds consist essentially of pumice 
and volcanic glass fragments, conneclcd with the emplive action of 
the Cordtlleran district during its Tertiary orogenesis. That this ash 
is probably wind-carried and water-laid, or, at least, reworked hy 
water into essentially horizontal beds of sheet-flood deposition, is the 
conclusion reached from the atrongl^^ marked horizontal bedding of 
these beds, and the absence of cross-bedding. 

(S) Eolian deposits. There are few traces of wind-blown sands 
in the White River in the area investigated, but one bed has been 
found in the lower part of the Leptauchenia series in the Sheep 
Mountain Bection which seems to be mainly a dune saud, and the 
sands of the Rattlesnake Butte sand calcic locality are apparently of 
dune origin, as described hy the writer in another paper.® 

These various t}pes of deposition may now be discussed in some¬ 
what greater detail. 

The Channel Sandstones. 

Numerous tv^icaJ sandstones from Titanothcrium, ^^etam>^]odon, 
and Protoceras channels were examined. The amount of calcareous 
cement v’aried from 14 to 39 per cent., averaging about 25 per cent. 
In one sample of coarse Titanothcrium sandstone, in addition to 26 
per cent, of calcareous cement, the grains were found to be embedded 
in a matrix of chalcedony which may have constituted 10 or 15 per 

■Amefican MineralciKigt, Vol. ?, Ko. Maj, 192^, 
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cent, of the whole. Another sandstone sample; not directly connected 
with a channeL was nearly uncomented and crumbled readily in the 
hand. This showed otily 2 per cent, of calcareotts cement. 

As for mineral compositionp the grains show veiy definitely 
their derivation from the pre-Cambrian schists and pegmatites of the 
Black Hills. The quartz grains are ordinarily between So and QO 
per cent, of the total sand and show frequent mioeml indusioas^ 
mainly hiotite and tourmaline, which, according to Sherzer^'^ are^ as 
a general rule, characterisLk of gneisses and schists. The coarser 
sandstones contain a larger proportion of fresh* non-kaoHnized feld¬ 
spar than is found in the finer sdLs and clays of the series. Of the 
grains determined, microcline is the most abundant species; pink 
orthtjckL^ie 15 next sn abundance and the plagioclase felA^paJS are quite 
rare, albite and oligoclase-andesine being determined. The feldspars 
averaged from 5 to 15 per cent, of the sands. Of the micas, white 
mtca and brown mica (muscovite and prdhahly biodte) are the most 
abundant, but green and black micas also are frequently present. The 
micas are most abundant in sands with small grains and evidently 
were laid down in quieter shallows away from the main current of 
the streams. They may total l or 2 per cent.^ hut rarely more. 

The beaw residues are more abundant and of larger grain in the 
coarser conglomeratic phases of the sandstones which contain occa¬ 
sional large quartz and feldspar pebbles. These were evidently 
formed ivhere the current was strongest, as the hner sedEinedt coiild 
not come to rest. The most abundant of the he.avy minerals is a 
pink garnet which generally occurs in good rhombic dodecahedrons 
or combinations of these with tetragonal trisoctahedrons* or in sharp 
angular fragments of these crystals. In one sample where the heavy 
concentrate constituted 3 per cent, of the total sandp the garTiet was 
nearly 90 per cent, of the concentrate. Tht other abundant heivy 
mineral is tourmaline, either the black massive variety of pegmatites 
(schorl) or very small, Jong prisms of dark brown and green color. 
The tourmaline never occurs in rounded grains in these sediments. 
Magnetite is present in some sands to o.t per cent, or occasionally 
more. It is usually in verj' fine well-rounded grains resembling in 
“ BhIL a€ffL Sov, Amenta, Vol. p, 63®. 
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^pearance small particles of shot Statirolite as an^br, orange to 
brown grains is almost always present with the garnet. Other min¬ 
erals identified in smaller quantities are: Angite (light green grains)« 
rare; pyrite, very rarej hematitep apatite, and amblygonite (Hthimn 
phosphate). Other metallic nonmagnetic grains are perhaps cas- 
siterite, wolframite, or cpliimhite, all of which are common mineral 
of the pegmatite dikes of the BJack HiJIg. In the coarser sandstones 
are found small pebbles of qnarLE-schist, quartz-seridte sdiist, and 
garnet-biotite schist^ and a few pebbles of very fine-grained slates. 

The evidence of the composition of the sandstones^ as to the de¬ 
rivation of their material, is in full accord with the evidence of the 
direction of tl^e channels, which lead away from the central granitic 
core of the Black Hills. Gametp statirolitCp the various schist peb¬ 
bles, and quartz with Indusions point to derh^tion from the Algon- 
kian schists and slates of this central core, and the tourmaline, ambly- 
gonite, and cassiterite (if present) point to derivation from the peg¬ 
matite dikes of the same district. The microdine, augite, and apatite 
are accessory constituents of the sands and may well have had a 
similar source. 

The diannels are evidently of different ages, as shown by their 
different stratigraphic positions in tlie accompanying sections, and 
some horizons seem to be cut by no channels thrnugh their whole 
visible extent. The upper nodular layer is an example of this, 

A sample of the channel sand from the stream bed of Battle 
Creek, near Keystonci in the center of the Elack Hills pre-Cambrian 
core, and within 5 miles of Harney Peak was collected and examined. 
It corresponds very^ closely in mineral composition to the stream- 
channel sands of the White River, but differs in the proportion of 
minerals present, and is generally of coarser grain, containing more 
garnets which may reach 30 per cent, of the total sand and rnore 
schist pebbles. This would be expected, as the stream is flowing 
through a gamet'mica schist terrane W'here the sample was colJectedF 
This may he regarded as confirmatory' exidence of the Black Hills 
derivation of the material of the channel sandstones. 

FfeshAVatee Limestone. 

At various levels through the Titanotherium and Lower Oreodon 
beds are thin sheets or lenses of white limestones. These are some- 
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times in the form of aJgal ball levels made up of a senes of flattened* 
gval-shaped balls which are often quite persistent. Elsew'here thin 
sheets of silicihed limestones occur in which the original organic char¬ 
acter has been almost destroyed by replacement by secondary silica. 
Such a sheet as this is sometimes quite persistent at the contact of the 
Oreodon and Tftanatheriiim beds and, as elsewhere indicated^ was 
used by Darton in defining the contact plane of these two horizons, 
A third tjpe of liniestone forms a lens-shaped solid sheet a few acrc$ 
in extent. This type develops a limestone as much as 3 feet thick 
and is quite rich in organic remains, especially the shells of cyprids. 
This latter type undoubtedly represents a small pond on the surface 
of the floDd-pkin. Small pelecy^pods and gastropods are visible in 
thisi but the fauna has not yet been described. It is believed tliat one 
reason for the silicification of the limestone is the soldtion of the 
siliceous shells of diatoms and replacement of the lime by this dis¬ 
solved silica and also the solution of the limestone by ground water 
and replacement by colloidal silica. The fact that the limestone was 
in large measure formed by the action of fresh-water algie was first 
suggested by Sinclair in ip20 for the algal ball type of limestone.^ 
The presence of alga; has since been recognized in the other types of 
limestone mentioned above, ^Fhe amount of lime in these beds is veiy 
variable^ from 5 per cent, in the siliclhed cherty layer at the base of 
the Oreodon beds to 95 per cent, in one of the massive lenses of 
limestotie. 

The detrital materiiil in the limestones showed the presence of 
fragments of quartz, bbtite and tourmalinen and of pumice needles 
and angular volcanic glass fragments, ,suggesting that the detrital 
deposition in ihe ponds was probably by wind. It may be that the 
thinner sheets of algal limestone do not represent pond depositSH hut 
were formed in nx>ist meadow lands under prairie conditions, 

XODL-LAt LAVEJt$, 

The presence of nodular layer,s is of great interest to the palae- 
ontdlogist, as it is in them that vertebrate remaiiis are best preserved. 
In some localities the nodules occur more or less isolated, but more 
often they are found as broad sheets and as such have a remarkable 
continuity. 

Ames. Fuh-qs. Soc., Vot. 40, ig^i, p. 14^- 
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The essential difference between the compositiDn of the caliche 
levels and that of Oie other parts of the day series is in the proportion 
of calcareous cementr Samples of the upper and lower aones of rust)'' 
nodules analyzed gave, respectively, 51 and 37 per cent, soluble cal¬ 
careous cement, A nodular layer (not caliche) o£ more sandy char¬ 
acter, but of uncertain origin, in ihc upper 30 feet of the Oreodon 
beds, exposed only in the Sheep Mountain sections, contains 30 per 
cent, of soluble cement. The average amount of soluble cement of 
the clays of the White River series is from about 5 per cent, in the 
Titauothere beds to 15 per cent, in parts of the Qreodon series. The 
caliche nodular layers ^^ere doubtless cemented at or near the surface 
by ground water risbig by capiUar)' attraction and depositing tlie cal¬ 
cium carbonate when it evaporated. Thus the leones of aititnals which 
happened to be near the surface at this time were protected from dis¬ 
integration. The clay forming the nodular layers was originally a 
fine-grained flood-plain deposit which persisted as a land surface for 
a considerable period of time and probably indicates a period of 
greater aridity^ by reason of the breaks in deposition, evidence of 
evaporation, etc. The nodular layer has in the presence of coprohtes 
of carnivorous animals and rodeut-gnawed bones absolute proof of 
snbaerial deposition. Many of the hones found are also of a decide 
edly weathered appearance much as are bones of modem animals 
weathering on the surface of the Badlands today and occasionally 
buried in silt. Further proof of snbaerial deposition was recently 
found during the preparation of a CersopMr skull collected in the 
lower zone of rusty^ nodules, a large number of casts of insect larv^al 
burrows being found within and around the skull, suggesting tliat it 
had lain on the surface for some time before burial and the meat had 
been devoured by the scavenging lusectsp w'hich subset]uently Ijur- 
rowed for pupation in the mud investing the skull, h has not Ijeen 
possible yet to determine to w^hat form lliesc insects belonged. The 
great continuity of the nodular layers, which has been mentioned 
above, implies a ver>^ level surface controlling evaporatton, w^hich w^as 
cut here and dicre by shallow winding stream channels, which may 
have carried running water only id flood time, A uniform climatic 
factor, probably a period of greater aridity, was one of the most im- 
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pqrtant cl^rnents in tli* formation of the caliche nodular levels. The 
part which climate played in the color-banding of the Orcodtra clays 
has not yet been determined- 

The clays making up the nodular layers resemble the normal clays 
very closely. They contain very finely divided silt from the decom- 
positLon of the feldspars of the Black Hilb, and small angular frag- 
ments of quartz of a size smaller than the lower IbnJt of rounding by 
water. Flakes of brown tuita are frequently seen. Fragments of 
pumice and volcanic glass were recognized in all samples studied and 
sometimes make up an appreciable per cent, of the total dastic mate¬ 
rial. These were wind-carried and water-laid, as demonstrated by 
the marked horizontal bedding of the nodular layers and the absence 
of cross-bedding. 

Volcanic Ash Beds. 

The Leptauchenia beds consist largely of a well-consolidated white 
fine-grained rock, which withers w^ith a marked vertical columnar 
appearance^ giving rise to sheer cliffs up to 200 feet high. Tills 
seems to consist very" largely of volcanic glass and pumice. The 
pumice shows numerous capillary tubes in parallel arrangenictit which 
are sometimes deformed by flnw'age C indicated by strain polarization). 
There are also throughout the mass long hair-like needles with capil¬ 
lary tubes in the tenter resembling superficially Pde's hair* With 
the material of volcanic deri\^tion there arc also small fragments of 
mineral matter of the texture of silts. The grains are not rounded 
and are mostly too small to he rounded by water. Quartz and hiotite 
are the most common of these mineral fragments^ and feldspars and 
tourmalines were also recognized. A sample of the sand from the 
%^Tiite Ash layerp division (fp) of the beds as described above, which 
contains about go per cent, glass or pumice fragments, was analyzed 
by Professor A. H. Phillips, of Princeton Universityi with the fol¬ 
lowing result: 
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CaJculuted in terms of nonn^ iis described by Iddings,^* this glass 
is a rhyolite with the foUowing standard mineral compositicm: 


Orthoelaac ......_ 3 ^.^ 

Atblte ^^^, 2 BuB[ 2 
Anorthitc * + ^ . ^.78 

Quarrz ..— 31.95 


DIopside __ 2.38 

M^SlOi, . 2 .CK> 

IlTnenlte + + , + ,dJq 

Hematite . 3.13 


In some specimens of these ash beds small cavities and irregular 
cracks are lined with needledike crystals of a zeolite^ apparently 
mordenitCp of the composition (Ca^ Na, K)jAlaSinjOjii. 6j4HaO, with 
a mean index of refraction of r.465 and a very low double refraction, 
about .005. This was probably formed as a result of slight hydro- 
metarnorphism by alkaline solutions deriving their soluble content 
from the volcanic ash on which they reacted. There is little chance 
of thermal metaraorphism, as the ash should have been tborougMy 
cooled after transportation several hpndred miles in the air* The 
cavities in which these zeolites have crystallized arc not solution cavi¬ 
ties, but more probably shrinkage cracks. Tbe index ol refraction 
of the glass and purnice was found to vary between 1495 and 1.505. 
The composition of the zeolite is very similar to that of the ash, and 
it is probably a recry^stallization of material derived from the glass 
and pumice. 

In making the analysis of the ashp Professor Phillips found that 
after being dried at no®, to remove tbe absorbed moiSltirCp on stand¬ 
ing in the ait the ash took tip about 3 per cent, of water very readily^ 
This strong hygroscopic character is probably due to the attraction of 
the capillary tubes of the pumice fragments for water^ and may 
account in part for the resistance to weathering of the ash beds> as 
described above. 

The Clav Bims, 


The greater part of the White River formatiDn is not made up of 
the more interesting t3rpes already described^ but rather of very fine 
sill horizontal[y bedded and color-banded pate pink or brown and pale 
green. These constitute all of the Oreodon and Titanotherium beds 
except the nodular layers, channel sandstones, and limestone lenses. 

Their minerals are generally so fine grained as to be difficult of 
determination, but fine angttlar fragments of quartz, more or less 
II I ^ rolls Rorks," VoL l„ pp. 45S on. 
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weathered feldspars, and mica foHs can be detected iii all samples, as 
well UB occasianal fragments of ptimice and volcanfc glass. The latter 
fact shows that showers of volcanic dust were being deposited 
throughout White River time, hut Erst becarne the doTninant source 
of sediment at the beginning of the Lcptauchenia beds stage. The 
clay beds represent the normal sheet-flcKKi deposits of a levd country 
and probably are mainly formed of kaoliitizcd feldspars from the 
granites and pegmatites of the Ilamey Peak mass, as avcU as from 
decomposition products of otlier minerals less stable in the aone of 
weathering. 

As mentioned above, the profiles developed on the Oreodon days, 
as a nde^ have steeper slopes and a niDre angular appearance than 
those dm^elnped on the Tftanotherium beds w-hith weather with gentler 
slopes and more rounded surfaces. The chemical tests suggest that 
this is due to a difference in the amount of calcareous cement in the 
two series. The samples of the Oreodon days averaged lo to T2 per 
cent, soluble cement, while the Titan olheriiim clays averaged only 
about 4 per cent. 

V, Evidence fbom Skaf^ of Sand Grains. 

Inasmuch as the method of transportation and deposition of sands 
can often be definitely established by the shapes and average sizes of 
sand grains, a ftud^^ of this feature of the White River sands waa 
attempted. 

The channel sands, as a rule, have large rounded gtabis, hut the 
smaller grains are almost all angular and with sharp conchoidal frac¬ 
ture. This is because grains with a diameter less than o.i mm. arc 
coated* while submerged, with a fiJm of water which prevents one 
grain coming into physical contact with another, and thus prevents 
abrasion. On the other haud^ the air forms no such cushion for the 
smaller grains^ and thus wind-rounded sands may show rounded 
grains down to the finest sands present. The only sample of sand 
found in the White River which showed thorough rounding even to 
the finest particles is a fine-grained sandy silt occurring r t feet above 
the base of the Leptauchenia beds in the Spring Draw section, Sheep 
Mountain. This sand has well-rounded grains even in the smallest 
sizes and contains a notable amount of magnetite and green horn- 

Trt.OC* AMEJl, PHU., 3QC , VoL, UEI., Di KQV, I7, 1922. 
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bLendCp minerals which were not iihtindant in the ordimry channd 
sands. The garnets contained in the sand are also weU rounded. 
This bed^ wliich is apparently thin and localp evidently represents dune 
sand deposition^ The sands rounded in stream channels have bright 
surfaces, while those rounded h^' ivind action generally are dull or 
show etched or pitted surfaces. The sands of the base of the Lep- 
taiichenia bed in the Sheep Mountain section, mentioned above, show 
dull and pitted surfaces, confirming their eolian origin. 

Another excellent example of round-grained dune sand of later 
age than WTiite River is found in the sand grains of the sand-calcite 
at Rattlesnake Butte, Washington County^ The crystals contain 
about 37 per cent, caldte, cry stallizing as perfect scaJenohcdrons, and 
contain |ierfectly rounded sand grains down to the finest present. 
The quarta approaches spherical shape, the feldspars are generally 
larger grains and not quite so well rounded. The pink garnets are 
round. The green hornblende grains are nearly all elliptical in out¬ 
line, prisms witli the comers rounded. Zircon appears aa fine yellow 
grains, about one fourth the size of the average quartzes. Round 
^ fragments of volcanic glass have also bectii found in this sand. The 
surfaces of the grains have a dull or ground-glass appearance due to 
wind abrasion. 

By a study of part of the White River in eastern Colorado, Mat¬ 
thew^* came to the conclusion that the White River was largely of 
eoliau origin, A sample of silt from the Orcodon beds of Lewis 
Creck% Colorado, in the area investigated by Matthew, was examined 
hy the writer and was found to consist largely of fine dust with 
much volcanic material (pumice and glass) and some of the quarta 
grains well rounded. It was evidently mainly of colian origin, JIat- 
thew points out t!iat in much of the fossil material from the White 
River of northeastern Colorado the " hollaws in the bones (such as 
the cellular hollows in the skull . , the tympanic hull^ . . etc.) 
are still empty, never liaidng been filled hy mud or cnislied 
He points out that this could not happen if the bones were fossilized 
in such a body of w'Rter as a lake, as the weight of water and overlying 
sediment would either fill in the cavity wnth mud or crush the skull. 

Matthew, ytwt. A'aiiuraJurt, VeL 13. 1S99, pp. 403-408. 

att Matthew, Am. Mus. i?f jVnt. Hist. Vol I., p. 36s. 
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Thus It seems that while the White River may be mainly of eoliaji 
origin in Colorado as hfatthew has decided, it was mainly deposited 
by fliiviatilc agents in the South Dakota section. The writer's con¬ 
clusion is that in the sections nf the Big Badlands investigated eolian 
deposition Is unimportant, thougli locally present. 

VI. Evioenge of GiiOUJto Watek Cjrcuiatios. 

Though the clay beds of the Badland district seem to be near ly 
impervious to water, there are abundant evidences of deposition and 
replacement by the action of ground water, ITie formation of caliche 
nodules by deposition of calcareous cementing material with the evap¬ 
oration of the water at the surface has been,referred to. 

Throughout the Big Badland district ate veins of blue chaicedonv 
in vertical cracks in the clays. These were probahlv deposited in 
shrinkage cracks. Other fissures filled with sandy silts or sandstones 
occur frequently through the Badlands, but most abundantly in the 
Leptauchenia beds, 'Hiese filled fissures are often more resistant 
to weathering than the surrounding eJays and stand out in relief as 
sandstone dike.s. Often the sandstone dikes were bordered on each 
side b>' chalcedony veins, and in ore case there were two or three 
veins of chalcedony on.thc same side of the dike, indicating repeated 
opening pf the fissure. The clialccdony veiTis ordinarily vary in 
thickness from one quarter inch to three inches and show evidence 
of gradual filling of the cracks from the two walls. Sometimes the 
whole vein is silica, hut in many cases, specially in the wider veins, 
well-formed crj’staJs of caldte have formed in the center of the vein, 
eddently as the last stage of deposition. Sometimes the center of 
the vein remains open. Occasionally large bell-shaped concretions of 
chalcedony up to a foot in diameter are formed in the day. Chal¬ 
cedony of similar nature is found filling the marrow cavities of fossil 
bones and the pulp canals of teeth, .^n interesting case was noted 
by the writer in a bone in which the lower part of the marrow cavity 
was filled with fine silt, evidently worked in soon alter deposition, 
and the rest of the cavity was filled with cliaJcedony. fn several cases 
chalcedony veins were found to cut directly through fossil skulls. 
Generally no hardening of the clays adjacent to the clialccdony veins 
is observed, showing that the deposition was from cold water. Some 
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diffuse ceiiientalion of the clays bj colbida] silira in UiC vicinity of 
chnlcqdony veins is occasionall^y notitcd+ rapid!}' Tv^earing the edge off 
the chisel used in the preparation of a specimen* 

In many places the basal titanotbcriiim beds contain a series of 
about 30 feet of cky of bhie, lavender^ and pink colors when fresh, 
weathering to a tlmonite brown and hematite red. Tills clay is clearly 
derived from a reworking of the Pierre shale material and even con¬ 
tains Pierre shale fossils, as Bacdji^cs^ Tnocerantus, etc_, which are 
remanie or rcdeposited as first reported by Looniis.^^ In places 
where this series is absent, the silts or sands resting directly on the 
Pierre sliale are almost always colored a bright pink color, and on 
examlnatiDn the day particles are seen to be strongly colored by the 
red oxide of iron* 

The nniform presence of these iron-colored beds at the base of 
the more or less pendoiis Titanotheriuni beds and directly above the 
impervious Pierre shales is evidently a case of iron dissolved ont of 
the White River series and redeposited and concentrated at the limit 
of downward circulatioo along the Pierre shale contact, 

VII. CoTfCLusroNs Dil.^wn from the Ltthogenetic Evidence. 

From the evidence above presented one can draw a fairly good 
picture of the physiographic conditions at the time of the deposition 
of the White River beds. 

The country was very level, with a gradual slope aw*ay from the 
Black Hilb uplift, as evidenced by a slight initial southeast and 
easterly dip of the beds. The Blade IIilU were probably still being 
elevated, but already were sufficiently high and eroded to furnish 
clastic material from the pre-Cambrian central core. 

Fairly sluggish streams meandered across the plain in shallow 
channels and frequently spread widely out upon the plain when in 
flood» depositing thin sheets of fine silt Gradually increasing vol¬ 
canic action in the Cordilleran region and perhaps in the nortliern 
Black Hills furnished a growing supplement to the clastic material 
from the hilk, until In the Leptauchenia stage this source became 
predominant. It is possible that the statements of Ran some, Schu- 
chert, and others tliat the Ollgoccne represents a lull in the uplift and 
VoL p. 254. 
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Tdlc^stn through the Tertiar)* Cordillera between the periods of 
storm of the Eocene and Miocene wiU have to be amended. The 
presence of a 3 E»foot bed mainly of volcanic glass and pumice So 
miles away from the nearest possible source of volcank ejecta* and 
more likely 200 to 400 miles distant From the erupbVe volcanoes^ 
would hardly seem to indicate a period of quiet- Professor Sinclairis 
description of a considerahle thickness of andesitic; tuflFs and breccias 
of Titanotherimn beds age in the Wind River Basin of Wyoming 
south of the Bridger-Owl Creek Range, is interesting in this con¬ 
nection.^" 

The only evidence of vegetation found fossilked so far in the Big 
Badlands are a few hackbeoy- seeds (Celtis), but Hatcher reports the 
remains of a forest 12 miles north of the mouth of Com Creek. 
The plain was here and there dotted with small ponds in which fresh¬ 
water alga! and cj'prid crustaceans were building up the limestone 
beds of the series. 

Thus we have a general picture of the environment of one of our 
finest Tertiary mammalian faunas. 

Graduate Collegi, 

N. J. 

Am. Mms. History^ VoL 3C4 igii, pp, 99-103. 


YELLOW FEVER AXD FISIIES/ 


By C H. EIGEMMANN. 

(Read At^ril iJJ* 

If it were not for the little fishes^ many parts of tropical America 
would be uninhabitable- This is tbe excuse T have madep when an 
excuse was necessarjv for devoting all the time I could steal Irom my 
family^ my students^ and my institution to gathering and contemptat- 
ing the fishes of the rivers and lakes of South AmeritEL But pure 
research no longer needs to apologize, because it has resulted in many 
cases in unexpected, but lasting, benefits to roan. 

I was trying to explain the evolution and distribution oi the South 
American fishes to a young manufacturer of vertcer fruit boxes. 

"You must excuse me,*' he replied, "'but that seems like mighty 

piddling business to me." I have sometimes been inclined to agree 
with him. 

Yellow fev^er has been prevalent in Panama and Guayaquil, on 
the coast of Ecuador, almost ever since the places were settled. The 
French failed in building the Panama Canal on account of the fevers 
that killed tlieir men. The hospitals were fulU It has been reported 
that to keep ants from crawling up the bed-posts they were set in 
dishes of water. Later it was found that mosquitos bred in the 

dishes of water, and tliat these mosquitoes carried the fever germs 

from patients to well persons. The unrestricted hreeding of mos¬ 
quitoes made success inipoasihle. 

General Gorgas cleaned out the tno^uitoes in Cuba and in Pan¬ 
ama. In doing so he not only made the P anam a Canal posstblCj but 
did far more in demonstratiug that the worst pest-holes in the tropics 
can be made habitable to man of the temperate zone^ 

Guayaquil yvas perhaps the worst of all places in South America, 
Yellow fever always existed and frequently there were outbreaks that 
closed the port, 

Canlritution troin the Zooldgical Laboratory of LndUaa University, No. 
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General Gorgas was called to Guayaquil and he started a campaign 
against the mcsqtiitoes. The yellow-fever mosquito is domestic* liv¬ 
ing in the huts and houses of men. In many places drinking water 
ia stored in rain barrels. In these the mosquitoes breed. Each faui' 
ily rears its own fever mosquitoes- It would be easy to keep mos¬ 
quitoes from breeding by covering the w^ter with a film of oit But 
the native will have none of iL It was found tliat a fish in each 
barrel keeps the whaler free from mosquitpes and thus prevents the 
spread of yellow fever if a case is accidentally introduced. 

Various Eshes were tried at Guayaquil and two were finally se¬ 
lected as best. They are the "huaijas” and the *Vhalacos “ of the 
Guayaquil fishermen. Tliey are abundant and easily obtained in 
Gnay^aquil, 

Recently 1 obtained specimens of both sorts and found that they 
are old friends, long known to naturalists as Lc^jojina 
and as Donmta^&r fari/ronj. The btter, the chalacos ” of the fisher¬ 
men, is a chuckle-headed fish, of the family Gobiid^. It reaches a 
length of over a fcMt and lives principally in the mouths of rivers in 
the area affected hy the tide, all the way from Guayaquil to Cali¬ 
fornia. It is therefore available to exterminate n>osquitoes in barrels 
all along the fever-infested coast of w^estem tropical America. A 
close relativCj DorfHi^aior mafuiaius^ lives in the same sort of places 
iu the West Indies and on the Atlantic side of the tropical mainland. 

The "huaijas*" (Leblasina thmcuhla) should in time become 
even a much more valuable fever eradicator* because it is adjusted to 
live in much higher altitudes than the chalacos. T have caught it all 
the way from sea level to 7,000 feet ek^Tition. It can, therefore, be 
used in the entire fever belt, for yellow-fever mosquitoes do not reach 
as high as 7.C3O0 feet. I have caught it in great numbers in the most 
unlikely places. At prCHCUt it is known to inhabit only the rivers 
from Lima, Peru, to the region of Guayaquil. It should be possible 
to introduce it in all the tropical parts of America. Related species 
extend as far north 33 Panama. 

I became acquainted with it in Lima anrl later caught it inland 
from Paita. About Lima it is known as "liza de agua duSce,^' or 
sweet-water mullet It is used as au aquarium fish in Lima and is 
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found in the branches of the Rimac near the bank of the river oppo¬ 
site the cft>^ and probably in all the pool.^ near Lima, I found ffreat 
quantities in the foul, knee-deep pools and ponds near Fuenta Fiedra 
aTong^ the railroad between T^ima. and Anccin+ at Chosica, a health 
resort inland from Lima, and a native caught some very small ones 
for me at Matucana at an elevation of over 7,000 feet- 

At Piura, in northern Pem^ wliere during the dry geason the river 
had been reduced to a few pools, in which the Hshes had become 
concentrated, T caught them in great numbers. A few miles farther 
SK^uth, in the Jeqnetepeque River, I got them up aa high as Llallan, 
The only drawback to this species is its tendency to jump out of the 
barrels in which it is placed. 

These are not the only fishes that eat mosquito larys. In the 
cisterns of Guayaquil the " millions'' are used. The ** millions ** are 
minute fishes that came originally froni Triiiidad or Barbados. The 
males and females are very different from each other and these fishes 
give birth to living young. They are called ” miUtons “ because if you 
put a pair of them in a pool “ there will soon be millions of 
They are very plentiful in Barbados and the absence of yellow fever 
from Barbados is credited to the millions/' which do not give the 
mosquitoes a chance- The “ millions ” have been trangplaiiEed far 
and wide and are usually part of every' novice^s aquarium specimens. 

In the United Stales much has been accomplished in eradicating 
fever mosquitoes with Gamhusia, a small fish which eats the larvae 
of the mosquito. Mr. S, F. Hildebrand^ of the U. S. Bureau of 
Fisheries, has had charge of this work for the United States Govern¬ 
ment and has met with very notable success. It seems that there 
are many figh eradicators of mosquitoes. Different ones are present 
In different parts ot the world. In most place.s they need some 
assistance from man to reach the breeding places of the mosquitoes. 
It is said in Tampico that upon the appearance of a case of yellow 
fever the Standard Oil Company spent S3>00O per wesd: to keep the 
waters oiled to suppress the mosquitoes until a small fish living in the 
very neighborhood of the plant was put to work and saved all of 
that expense^ 

Of all of the fishes, the llza de agua dulce^' of Lrma^ or the 
^'hnaijas," as It is called at Guayaquil, offers the greatest usefulness. 
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It can easily be caught, it can eSisily be transported, and will live at 
any altitude in which the fever masquitoes are likely to be found, 

With the chalacos available to control the mosquitoes along the 
coast and the huaijas to control them from the coast to several thou¬ 
sand feet^ the means are at hand to entirely eradicate fevers from the 
Pacific slopes of Tropical j^Vmerica. 

With the above paper^ portions of a letter dated March 27, 1923^ 
were ^ead^ from Dr. Henry' Hanson, Director General of the Cont- 
paha Sanitaria Contra la Tiebre Amarilla en el Per^" Dr, Hanson 
reported that he ^^as sending specimens of six species of fishes with 
which experiments were made in mosquito control. He Says in part: 

We round two to be very pjod lanr^ dcstrpyeri. -, /I think our campai^ 
hai detnonstrated that using fish is the only rapid rnirthod of handliug a ytl- 
low ftTcr cpideanic- 

Dr, Hanson further reports that only two of the six spedes tried 
proved valuable. They are the fishes kuawu locally as chalquoque 
and “life/^ pronounced le-fa. 

AnOEIfDA. 

The ctialquDque ” is Lebianna Mma^ulata C, &: called "liza 

de agua dulce in Lmia^ and is the ** huaijas " so successfully used for 
mosquito work in GuayaquiL It is found eveiy"w^here betw'een Lima 
and Guayaquil^ and in the Rio Rimac it is found from sea levd to 
Matiicana at over 7,000 feet. 

Another memher of the genus is found in the Atmto and Sau 
Juan basins in Colombia. Spedes of a very closely related genus, 
Piafr Mr IMS, are found iroiu Guav'aquil north to the Chagres. Tbe 
species will be considered, several of them figured m a volume on the 
fishes of northwestern South America now going throt^h the press 
Carwr^iV JlItM., IX., T9M). The spedes arc members of the 
Lcf'HtiiniRdr of the Characidaf, 

The ^*life" h Py^idtiim punctulaium piurd? E,, recently de¬ 
scribed by myself from Plura, ll is much of a surprise that this 
species proves to be a mosquito larva eater. It is, a^ far as known, 
restricted to northwestern Pern, but a close relative, P. punctulatum 
{C. &: V.) ts found in tbe Rio Rimac from the ocean to several 
thousand feet at least. It is the bagreof the Rio Rinrac. Tbe 
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name bagre " is used almost even-where in Latin Atnencsi. but is 
applied to a ^eat variety of different catfish-lilte fishes. If the 
"life" of northern Pern shares its habit of eating mosquito larra 
with the resE of the members of the genus Pygidium. it is a most 
important discovery. Various speries of Fygiditim are found in all 
the mountain streams of South America and a few are found in the 
hot lowlands of the .Amazon Valley, It belongs to a peculiar familv 
of South American cathshes which are tailed '* hagre/' bagredtos/^ 
"capitan/" etc. 1 monographed the family. ('"The Pygidiid^, a 
family of South American Calfishes/' Cafiifp-ref ilfar.j. VII.^ 

No. 5^pp, 259 “ 398 - Plates XXXVI.-L\T., 1918.) 

In Arequipa I caught specimens of another species of "life/* 
Pygidium qucchnorum, in such numbers that a devout passer-by ex¬ 
claimed, " It exceeds the miraculous draft of St. Fetet! ” 

The underlying stmctnre of most of the members of the family 
is the presence of spines on the opercle and mteroperde and the pres¬ 
ence of two barbels at the end of the maxillary where other catfishes 
carr>' but one barbel. The underlying habit i$ their eeblike move- 
mentB and their ability to hold an adv-ance^ once gained, by means of 
the spines on the head. They get under and between rocks, eel their 
way into holes, and can climb vertical walls. 

The queerest members of the family live as commensals or para¬ 
sites in the gill cavities of larger fishes, and some of them have gained 
an eril reputation and struck terror Into the natives of the entire hot 
country by the reputed habit of entering the urethra of bathers, some¬ 
times requiring operations or causing death. 

Of the genus Pygidium about 70 species are known. They ranee 
from a few millimeters to jfjo mm, tn length and are found from 
sea level to at least 13 ,000 feet. They are abundant in and about 
Lake Titicaca, I caught them in southern Chili to northern Colombia 
and Guiana. They are also abundant in the mountain streams of 
southeastern Brazil. The other four speeies of fishes tried in tiorlh- 
em Peru and sent by Dr. Hanson are: 

I. The "bagre." This is Phnehdetla ymemsh Steindachner 
confined to the ri-i-ers between Pacasmayo and Paita. It may be 
found as far south as the Rio Santa. It is not found in the Rimac. 
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It Jnay be Eound a little farther north than Paita^ but it is not found 
as far north as Guayaquil, where its place is taken by a related 
species, Ptm^IodcUa chngaia (GO^ The genus FimdodvUa is very 
widely distributed iu South Ainerica " from Buenos Aires to Guiana 
and V^enezuela to the base of the Andes; west of the Andes from 
Peru to the Chagres River to Panama.*’ 1 published a monograph of 
the genus ("Pinie/otfr/ln and Tyf^Mobagrus^^^ Cnmsgie AfuTv 

PUt^burgk, YTI.p No. 4. PP^ I^tes XXL-^XXXV., 1917) 

with figures of most of the species. Tlie PLmelodcltas are small, 
Jong'whiskered catfisbes and not much b to be expected of their per¬ 
formance as mosquito eradicatprs. 

The ^'tripon" is Ctin'fflfllitx jfJFnfuwwj: E., a species recently 
discovered by me at Snliaua. As fat as knowm, it occurs only in the 
Chira River and at Chidayo, where the yidlow^-fever commissiou 
caught it. I did not get it at Pacastnayo, only a few miles farther 
south. There are two other species of Curimatus In Guayaquil and 
five more in Colombia. 

The genus is very widely distributed in the hot lowlands east of 
the Andes. The species do not have teeth and nothing is to be ex¬ 
pected of them as roosquilo lar\^a eaters. They seeui to feed on 
slime. There are 50 or more known species. 1 reviewed the group 
of the toothless Qiaracins to which the genus belongs in 1SS9 (dfi¬ 
nals iV. y. Acad. Scl, IV,, pp. t-32. 1S89), 

3. The cachuelo " is Brycanam^ctis peruanus (M. & T*) 4 found 
in all the streams between the Rintae and the EsmeraJdas in Ecuador. 
In the Rimac it occurs from sea level to over 7,000 feet elevation. 
It should prove a ’i^luable larva eater. A second species of the genus 
is found at Giiayaquih North of Guayaquil, in Colombia, several 
other species are abundant. The genus is widely distributed east of 
the .Andes, It is a member of the Tetragonopterinw of the Chara- 
ridae. Among the Tetragonopterinar there should be many species 
available for mosquito work. 

1 found insect remains in the intestines of many of the species* 
some of which seem to specialize in the insects naturally blown into 
the river. The entire group of ihe TetragonopterinE has been monO' 
graphed. RTost of the spedes have been figured. Three parts of the 
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monog^raph hav^ becd issuedp the fourdi is m press (Mem. Mu^. 
Comf*. Zool&gy^ XLVtl., Cattibtidge, Mass.p 1917, rgiS* 19:^1). 

4, The "mojana” b Aequidms rttndaius (G,) of the Ciddsdae. 
The family b abundant from Texas south. There are seventeen dif¬ 
ferent species of the family hetween Pacasmayo and Panama. Only 
the present species is found in Penn I found it ’very abundant in 
pools in the river bed at Pmra and in the Je^uetepajiie River^ It is 
a very active fish with the habits and general appearance of some of 
GUr North American sunfishes. 


Additional specimens of fishes used tn GtiayaquQ in vellow-fevcr 
work were received early in JnuCp 19^2, from Dr. W. Paroja, Di¬ 
rector de Sanidad. Guay-aquil. 

Part of my letter of June 5. 1922, to Dr. Pareja follows; “I 
hasten to inform you that the * miUdUes' are Ac(intki}phacdHS reficif- 
latM^ (Peters). These little fisbeg are native in Earhadoes, Trinidad, 
and along the coast streams of Guiacia and Venezuela. They have 
been widely distributed fur mosquito work. 

“The 'chatas' are Astyana.v feyiip (Boulenger). This fish has 
only been taken In the Cbooe, Portoviejo and the Guayas basins, ail 
m Ecuador* 

" The ‘brejas' beloEig to ttvo species: (ti) Curimdfuj traschdi G, 
is a lowland fisti found only in the Gtiayas basin and reaches a length 
of 203 mm. {b) Pfochiiadits hummiis G. is siTOilarly conhued to 
the Giiayas and reaches sSo mm. Other species of the genus ProtM- 
todus Called bocn chica are found in countless millions in the Atrato 
and Magdalena rivers of Colombia and all through the east from the 
Ocean to 3,000 feet. They grow to a considerable si2e (390 mta.) 
and are dried and sold to the laborers of Colombia for footL” 

This account may well be closed with an extract from a letter 
received from Dr, Hanson, mentioned above. It is dated June 9, 
1922: 

" Tt appears that the fact that the 'life* is an effective larvs coa- 
sumer h well established by the fact that in the Province of Santa 
we did nothing except distribute fish in aU containers, and did not 
attempt to throw out or alter any of the water which contained great 
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Qumbers of Stegomyia larv^ ti$ed the Hie almost to the exctii- 
sion of other fish because it Is hardier aud docs not have the jumpiug 
tendencies of the chalquoque and other fish. The other fish which 
we sent up were rather too delicate to suit the conditions with which 
we had to contend. We found many of them dead on reexamining 
the container some days after the first di&tribtitiotL This did not 
occur with the life where it had any reasonable care. 

We secured more than 1,000,000 of these fish, So per cent of 
which were lifes* We have records of the distribution of 857,561 
fish. 

^ Fortunately we feel certain that we have the question of yellow 
fever completely dominated in Peru and we believe on the entire 
Pacific coast of South America." 

Zoological LAio^Aitav, 

UsTTElSlTY DF IlUaANA. 


ARC SPECTRA AND IONIZATION POTENTIALS IN 
DISSOCL\TED GASES. 


By K T. COMPTON. 

{Read Aprii zf. 

The great coinplexity of spectra is due^ in part, to the fact that the 
molecules lUaY exist in various states of association, dissociation, and 
ionizatiDnt each type of tdoletuJe or atom gi^-ing rise to its own char- 
acterisdc spectrum. A discovery' of the exact state of the atom or 
moltctilc giving rise to each part of the spectrum of a substance is 
of great importance as regards both the theory of spectral emission 
and the theory of atomic and moleciilar structure. At tlie Pahncf 
Physical Laboratory this problem is being attacked from three dif¬ 
ferent angles. This paper presents some discoveries made by two of 
these methods and discusses their significance. 

HVDliOCEK, 

Bohr's theory is believed satisfactorHy to account for the known 
properties of hydrogen atoms. Hydrogen ordinarily exists, how'ever, 
in the form of diatomic tnolecides, whose properties have not been 
adequately explained by any hypothesis of molecular structure yet 
proposed* Those properties of the hydrogen atom which Bohr's 
theory' explains are the series spectrum and the energy required to 
produce radiation or to ionize the atoms, commonly expressed as 
radiating and ionizing potentials, respectively. Other radiating and 
ionizing poteotialE and another type of spectrum are hdieved to be 
due to hydrogen molecules. In no case has there been direct and 
definite evidence as to which type of spectrum is due to the atom and 
w'hscli to the molecule, although sufficient indirect evidence is at hand 
to ascribe the series .spectrum to the atom and the secondary spectrum 
to the molecule with considerable certainty*. There Ims been no 
experimental evidence at all as to which entity to ascribe each radi¬ 
ating or ionizing potential observed in hydrogen. The assignment of 
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particular cr it Teal potentials tn atoni qr molecule has been justified by 
the de;^ee of consistency with probable processes of di^sociatiem, 
radiation^ or iom^atlnii. The present mvestigadons have yielded 
definite and direct experimental evidence on the above points and 
have thrown new light on the nature of low voltage arcs and on the 
manner of excitation of the spectrum. 


Low Voitage Arc in Hydrogen. 


Dr. S. Duffendack has studied the relation of voltage to arc 
currents and spectral excitatioti. The arcs were produced Ln gas at 
pressures between 0.5 and 5.0 mm, between two electrodes^ as showm 
in Fig. I. AB was a tube of thin tungsten foilp which could be 



healed by a current through water-cooled leads. CD was a 20-miI 
tungsten wire passing asialty through the tube and also electrically 
heated. The potential drops across the tube and the filament could 
be adjusted to practical equality, so that they behaved as equipotendai 
electrodes to electrons emitted from the wire and drawn to the tube 
by an applied difTerence of potential F. The tube was 30 mm. long 
and of 3.7 tniu. radius. Ionisation of gas within the tube 'was de¬ 
tected by increase of current / between the electrodes, and the spec¬ 
trum. of the exciterl radiation was obsen'cd through an open end of 
the tube. 

With the filament heated to a bright incandescence^ but with the 
tube relatively cool, the cEirreut-vDltage variation is illustrated by 
Fig, 2. From curve (o) it is seen that the current first is very small 
and increases slowly with voltage until the ionization potentialp about 







214 


COMPTON—AftC SPECTRA AND 


16.3 volts, is approached. Ionization is first detected a ccmple of 
volts below this because the elccirons are emitted from the filament 
with small initial speeds. WTien the current has increased to a certaLa 
value^ the arc strikes, with a snddea large increase in current^ at a 
vqkage higher than the mLnitnum ionizing potential- Ag the voltage 
is then dtmlniBhed the arc persists dovi^ to the mmimum ionizing 
potential^ but breaks at this voltage. If the filament h hotter, so as 
to emit more electrons^ as in cur\ie (&)^ the arc strikes at a voltage 



nearer the ionizing potential and still breaks at this voltage. In no 
case was it possible to produce or maintain the arc at a voltage less 
than the minimum ionizing potential, about 16.3, except for a very 
small amount d^>ending on the temperature of the filament, due to 
the initial energy of emissionp and easily allowed for, 

Wlien the outer tube was ver^' IjoI^ tiie conditions were quite dif¬ 
ferent, as seen by Fig- 3. The initial current is larger^ there is ioniza- 
don beginning at about 10 volts, and stronger ionization at about 14 
volts. In curve (0) the arc sEnick and was maintained at about 13.8 
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volts, while m curve with the tube stiU hotter, tbe art struck at 
about lo.o volts, and there was no iudicatiou of further lonizatiou 
near either 14 or 16 volts. 

The essential difference betw'een these two cases lies In the fact 
that in the latter cases the tube was sufficiently hot to completely diV 
sociate the hydrogen inside it into atomic hydrogen. Thus tlie criti¬ 
cal potential 16,3 is the ionization potential of hydrogen iwoffcu/ej^ 
whereas 13.6 volts is that of hydrogen The critical potentiali 

lO.I volts, is also due to oimnic hydrogen and is shown later to be 



Fig. 3, 


due to excitation of radiation from the atoms. Tbal this radiation 
results id ioniaation is probably due to a ” cumulative cffect^—^atoms 
being struck by electrons while they are in a partially ionized state 
because of absoqjtion of energ)’ of radiation from neighbortug atoms. 

The above experiments do not fix the values of the critical poten¬ 
tials as accurately as do the experiments by the following method, but 
they do determine beyond all question tbe sources of llie observed 
effects. Ttws^ ike frsl taboratary c^peFimaits to be performed 
(« aw afiuosphere of atomic hydrOffcn, 

mot, AMZWr I'MIL MC., VOL. LSI, p, 17, 1913, 
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rnddentally the character of the Enirrcut-voltage curves yidds 
knowledge of the processes which produce the arc. At \t>ltagcs so 
low as to avoid ionization the current is due etilircly to the electronit 
emission from the filament, and this is limited to a very smaU value* 
independent of the temperature of the filammL, provided it is high, by 
the negative space charge of the electrons immediately surrounduig 
it.^ ^^^en ionization occurs each positive ion, drawn toward the 
filament, neutraliEes the space charge oF about 24^ electrons and thus 
permits the escape of that additional number. This large number of 
electrons liberated by each positive ion is due to the relatively small 
speed with which the heavy' positive ion moves through the region of 
space charge. The current increase Is therefore due not sd much to 
the addition of ions by ionization as to the effect of the positive 10113 
in permitting the escape of many more electrons from the filament. 
Thus the airrent increases with increasing voltage until it approaches 
the thermionic saturation current characteristic of the size and tem¬ 
perament of the filament. Then there are no longer gufiicient elec¬ 
trons to neutralize the effect of the positive ions near the filament so 
that the space charge changes from nq^tive to positivCp creating an 
accelerating field for the emitted electrons and giving the saturation 
thermionic current plus the ionization current. This is the arc. It 
is characteriEcd by its sudden appearance and by the concentration of 
luminosity in the region very near the filament, where the principal 
portion of the potential drop occurs, with positive space charge, 

E.rcitad&n of tfw Hydrogen SparinnTt. 

In molecular hydrogen there was no visible spectnun until the arc 
Bashed in at or above 16.3 volts. Then, there appeared the Balmer 
series lines and part of the secondary, or band, spectrum. The part 
appearing was Group 1 ., of Fulcher's Classification/ which includes 
tliose lines which .show little intensification with increasing voltage* 
These lines are also those which show uci Zeeman effect and are 
apparently the ones which Merton found not to be enlianced by the 
admixture of hcliimi with the hydrogen 
i Langmiiif, Fhyj^. Rev., 2 , p. 54.3, i&t 3 - 
- Atirephyj^ Jt. &5i 

5 Roy. Soc. Proc.y A-, 96, p* 3£al^ igig. 
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in atomic hydrogen tlie spectnim entirdy absent, 

but the series spectrum appeanctl strongly when the arc stnick al 
13.5 volts and cotild be detected down to lO.r volts. 

These resuJis confirm the prevailing opinion that the series spec¬ 
trum is due to atoms and the secondary' 5|>ectmm is due to moiecttles. 
'File voltages at which the spectrum appears in atomic hydrogen are 
exartiy those to be eixpeeled from Bqhr^s interpretation of tbc series 
foTiniibL The exciting voltage in molectdar bydrogein is that to he 
expected if the critical J6.3 voltage is interpreted as dissocIatiQii of 
the moleailc plus ionisation of one of the atoms as the result of 
single electron impacts, giving 16.3—13,3 = 2.8 volts as the heat of 
dissociation in eqtii^'alent volts. This is almost exactly the s'nlne 
given by Bohr^s theory* but is lower than the ^-alue 4,06 volts calcu¬ 
lated from Langmuir^s measurement of the heat of dissociation of 
hydrogen.* 

The inteTpretation of die secondary’ spectrum is puzzling. It is 
certainly due to motecular hydrogen, but the nature of the emitting 
molecule is uncertain. It is probably not due to neutral H. mole- 
oJes, since tJiese have no absorption in the visible spectrum, 
molecules are known to be present in fairly large concentration in an 
arc, but more in a high voltage discharge in a large vessel at low 
pressures. Ha moleailes are also known to be present- Possibly 
one of these may give rise to Fulcher's Group I, and the other to his 
Group IL, hut evidence on this point is rather conflicting. An obser* 
vation-of possible interest in this connection is that wc found the 
secondary spectrum to disappear, when the outer tube was heated, at 
temperatures certainly too low^ to have dissociated H.. molecules to 
any great extent This suggests that the molecule responsible for the 
observed secondary .spectmin lines is less stable than As far^s 
this is concerned, it may he either 11 ^ nr Hj. The absence of a 
Doppler shift for these lines may possibly point to the neutral Ha 
molecule as the agent. In this cotmecticin it may be mentioned that 
R. W, Wood has very recently succeeded in drawing off pure atomic 
hydrogen from the cento- of a long Geisslcr tube^ where only the 
series spectrum is visible* and be finds tliat the presence of a tungsten 

• iJorr /tf wr.j 37^ P’ 4t7i 


218 


COMPTON—ARC SPECTRA AND 


wire in tMs causes the atoms to recombine at its surface, with 

the emission of the secoTidaiy spectrum and a heating of the wire.* 

Furikcr Criticiil FolenliaU tn Hydrogm. 

The problem has been attacked from another angle by Dr+ 
Olmstead, who used a modification of the Lenard method nf investi¬ 
gating ionization potentials^ illustrated in Fig. 4. Electrons from the 



hot central portion of a tungsten filament F w'ere drawn toward a 
wire net NN through an accelerating difference of potential F* 
Those which passed the net MN encountered a retarding field Vr 
sufficient to stop them. 

The two distinctive features of the apparatus were the system of 
detecting electrodes F and IV and a grid GG of twenty parallel 
tungsten wires. FP was a platiniuti plate and W was a fine platuitun 
wire extending but a short distance in front of the plate PP* Wren 
the electtona from F collided with and produced radiation from atoms 
or molecules near the net NN a considerable amount of this radiation 
fdl oo the plate PP, whereas the wire IP reedved only a negligible 
amount of radiation because of its very small area. Either FP or IF 

* Since this paper wai written very decisive evidence on ihesc points has 
been obtained and ii to be publUhed by Dr. DuffendaiCk tn the Astropbys. Jour* 
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could be connected to the qmdrant dectrotnetet^ which measured botJi 
the current due to iotilzation of the gas between NM and PP and the 
photoelectric cxirrent from PP or dtie to the radiation set tip by 
electron bombardment of the gas. Those eEects, setting in at critical 
potentials which were due to radiation, were rdadvdy more pro¬ 
nounced when the plate FP was joined to the electrometer. Effects 
of ionization were relatively more marked when the wire W was used, 
since this w-ire could collect all the positive ions formed^ but would 
receive but little uf the radiation^ 

The grid GG was used to vary the proportion of alomk hydrogen 
in the neighborhood of the net NN. This was done by heating it to a 
high temperature by an electric current, if atomic hydrogen was 
desired. The relative proportion of atomic to molecular hydrogen 
was never large, but was sufficient for our purpose. Those critical 
potentials which were relatively more marked when the grid GG was 
hut were ascribed to atomic hydrogen and the others to molecular 
hydrogen. 

By thus varying the sensitiveness to detection of radiation, and 
by varying the amount of atomic hydrogen present, it was possible 
definitely to determine the nature and origin of the effect setting in 
at each of the critical potentials of hydrogeiL 

The critical potentials are shown by Fig, 5, taken with the plate 
PP joined to the electrometer, and with the grid GG hot. Similar 
curves with the wire for with the grid cold, show fewer “ breaks,” 
as expectedn The interpretation of these critical potentials is indi¬ 
cated by the " ratio*" curves of Fig, 6. These curves show ratios of 
dectrometer deflections under the various conditions. / (cm)// 
(off) means the ratio of the deflections using the wire IV (relatively 
sensitive to efleerts of lomzation) with the grid current on (Irot) and 
off (cold) r^pcctively. R (on)// (on) means the ratio of the de¬ 
flections with the plate (rdativdy sensitive to radiation) to those with 
the wire (relatively sensitive to Ionization), the grid current being on 
in both cases. When these curves are interpreted in the light of the 
discussion above, and when proper allowance is made for the effect of 
the Tnitial velocities with which electrons are emitted from the fila¬ 
ment (which introduces a small correction for weak effects and a 
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larger one for strong^effects), the ioterpretatitJii of each qf the critical 
potentials is as shown in Table L Setting in of new effects produces 
a change in curvature of the curves of Fig, 6. Such changes do not 
necessarily indicate new effects, however, and the dfects may not be 
shown prominently at exactly the same voltage as in Fig, 5, Some 
caution is needed, there fore, in interpreting the curves in cases which 



Ficl s. 


correspond to weak effectSn We believe^ however* that a considera¬ 
tion of the full set of curves points unmistakably to the following 
results: 
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As an example of the method of inlcrprclation, consider the 13.6 
volt effect. The R (on)// (on) cuiv^e indicates that ft is due to 
ionisation. The / (on)// (off) airve indicates that it is due to the 
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but do not give such dedsive information. Tbe above critical poten- 
atom. The other two curves are consistent with these interpretatioaSp 


'9 JO ri ii tz /4 ts f6 n 

Yta 6 , 

tials are determined experimentally to within probably 0.2 volt, when 
the correetJons for velocity distribution are considered." 
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The three atotaic effects correspond exactly, hy the quantum rela¬ 
tion to the first two lines 1216 A, and 1026 A. and to the 

convergence wave length 911 A, of the Lyman series. This is, I 
believe, the first time that evidence has -been obtained for the excita¬ 
tion of the second member of the series separately. We have some 
evidence of the separate excitation of the third member, also, and are 
setting up a new apparatus designed to detect atomic radiation effects 
very sensitively, with entire freedom from effects of ionization. With 
this we expect to make a more thorough investigatioii of the excita¬ 
tion of the successive members of the Lyman series. 

The It.3 volt molecular effect is the formation of H,, an ion 
which is found by positive ray analysts to be very abundant, althougb 
Bohr’s iheoiy' of the molecule represents it as unstable. The 12.8 
and 16,2 voff effects correspond to the processes = and 

HjSsH + H, respectively. The heat of dissociation is given, in 
equivalent volts, by )a.8—10.i =2.7 volts or by i6-2“ 13.6=2,6 
volts. This is in good agreement with the results of the preceding 
method, but sniaUrr than Langmuir's value. 

The critical potentials reported by previous observers are given in 
Table II. The considerable lack of consistenizy among the various 


TABLE IL 


EliTKTimPDtei- 

RndLAtkin 


LaliLiBtJoii. 

Davts and Goucher* , 

tl.O, 


13 - 6 . 

ll-o, 


iS-S 

and Foote ^ ^». + * *. 

ID4, 




iJJh 

16,5 

Foote^ Mohicr and Kurth * 

I0.3, 

ir.a 




l6.a 

Horton and Davies * 



IJ'iX 




Franck, Knippins and 










13-6, 

1T.5, 


17,1, 30 - 4 S 

Compton and Olmstcad^^ 

A 

a 


IJ 4 , 



>ts-& 
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This Inivt^tiHatiDn 
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ta.i, 
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■ SirtTth Phys. Rev^ 14, p. 4D9, ; Cduipton snd Olnjjtcad, Phyt Rru 

17, p. 52, ip2l. 

* FAyj. RtV; 10, p. lor, 1017. 

r/oar, OptiriU Sof. of Am,, 4. p, 49, 1920. 

* Pkyj, Rev., ip. p. 414. ipaa. 

“ Ray. Soe. Proe^ A, p. 23, 192a 
’'■"Bet. d. D. pkyf, Gfi,, 21. p. 738, igao. 

Phys, Rev., 17, p. 43. ipai. 

** Phys. Rev.. Ip, p. i8ft 1922, 
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critkaJ potential^ reported is probably due to (i) the fact that the 
velocity distribution carrectEon is likely to be exaggerated for the 
stronger effects, unless a systematic method such as was suggested by 
Smvth or its graphical equivalent is used, (2) two effects occtuTing 
close together are likely to be reported as one, {3) tbe form of 
apparatus may be such as to enhance lotiizatiou effects relattvdy to 
radiation effects, or vice-versa. 

Njtrogzs. 

This gas has been studied by Dr, Duffendack, usm^ the low volt¬ 
age arc method as in the case of hydrogen. It found that the 
gas could not be appreciably dissociated into atomic nitrogen by any 
attainable temperature of the tungsten tube furnace, alLhot^h it was 
possible to produce atomic nitrogen (Strett's “ acthnt" nitrogen)^* by 
electronic bombardment at lower GUrrent densities and reltages when 
the tube was very hot than when it was cooler. 

Law yaitage Arc in Niiragm. 


Typical current-voltage curves are shown in Fig. 7. In curves 



(fr) the filamctu was hotter and the gas pressure low’cr than in cur^^e 
(fl), both conditions favoring the production of the arc. The 
“break'* point of the art was found to be 16.15 volts us an average 
of a Large number of closely agreeing observatiDns made under vari¬ 
ous experimental conditions. Under no conditions could the arc he 
“/Soy. p. 219, et seq. 
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maintain^ at a vcihag^e lower tlian this, which is the tnlnimum lonizbig^ 
potential of the molecule. 

The shape of these curves differs from lliat of the hydrogen arc 
cunxs m tliat the current rapidly increases with increasing voltage 
above the arcing voltage- This is probably due to the greater com- 
plejcity and stability of the ttiolceide, since it seems to Iw related to 
the rapid increase of intensity^ of the negative band spectnun as the 
T-tjltage is increased. This negative hand spectrum is due, as shown 
by its behavior in a positive ray apparatus and its rdadnn to exciting 
voltage, to excitation of the positively charged molecules Is%, which 
can evidently be partially or completely ionized without breaking up 
into atoms. 

In the iteighbarhaDd of 70 volts the arc current began to increase 
rapidly again^ a brilliant flare setting in and the current becoming 
as large as 15 amperes. Simultauoously with this increase the lines 
5006 and 5003 of the nitrogen line spectrum appearctL At about 90 
volts the lines 568a and 5667 were visible. If tbe filament is hot, 
this " flare ** could be maintained at voltages as loiv as 25 volts^ after 
setting in at 70 voltSp but no lines of the line spectrum were seen 
bdow 70 volts^ lines of the tungsten spedrura were always ob¬ 
served in the flare. 

Comparison with observattons by Strutt^* shows that this flare 
was due to the presence of atomc nitrogen, and that the presence of 
the tungsten spectrum was due to the burning of tungsten in atomic 
nitrogen. It is significant tliat the flare could be produced at 40 voltSp 
instead of 70 volts, if the outer tungsten tube were very^ hot. This 
is the only evidence of dissociation of nitrogen by the hot tube^ It is 
also of interest to note that Langmuir discovered an anomalous be- 
liavior of thermionic emission from tungsten filaments in nitrogen at 
low pressures and voltages aiw>ve 70 voltSp and attributed this tg a 
chemical action which did not occur at lower voltages.*^ It is not 
easy to explain why the formatioTi of atomic nitrogen should increase 
the current through the arc 50 enormously. Multiple ionization, 
ionization by chemical action on tungsten, or heat developed by atomic 
recombination at the surface o£ the fllaoient may be important factorg,^ 

fit, 

a, p . 45a, 1513, 
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Bscitaifon of tlur Nitnigcn Spectruffi. 

TTie nitrogen spectrum consists of three groups of posildTe bauds, 
two of which appear In the visible spectnitn and one only in the ultra¬ 
violet, a group of negative bands and a line spectrum which has not 
been resolved into series. 

The first group of positive bands was first sf^n w-hen the arc 
struck and increased slightly in intensity as the voltage was raised. 
The second group was first seen when the arc struck and decreased 
in intensity with incr^tng voltage. L. and E, Bloch^® and Brandt^^ 
have detected positive bands at voltages as low as 12 and 7^5 volts, 
respectively. It is therefore evident that the positive bands are due 
to ^citation of neutral molecules. 

The negative bands w'Cre not observ^ed until the voltage was a 
volt or two above the mifiimuni ionizing potential, and increased 
markedly in intensit)' with increasing voltage. Rau^* has found a 
Doppler sliift in the negative bands in pasitive rays. These and other 
facts indicate that the negative bands are due to excitation of posi- 
tiv^y charged molecules Nj. 

It IS surprising that as high a voltage as 70 volts was required 
to excite the line spectrum, and that only the lines 5006, 5003, 5680, 
and 5667 were observed. There are a number of other lines usually 
Ksted tffe at least as intense as these of which no trace was found. It 
seems probable, as is suggested by the magnitude of the Doppler 
shifts^* for the nitrogen lines, that the lines which we observed are 
enhanced lines, and the remaining strong lines in the visible spectrum 
may correspond to still Mgher ionizatbn, Tht Doppler shifts sug¬ 
gest that a line 3995 A. may be an unenhanced line. Unfortunately 
we did not investigate this region of the spectrum, but we plan to 
make a phcitqgraphic test in the near future. At any rate, it seems 
certain that the simpler parts of the nitrogen line spectrum lie in a 
region of w^ave-lengths far removed from the visible, and that the 
difficult]i' of dissociating the molecules makes it diflicnh to excite the 
line spoctntm under conditions which can easily be interpreted^ 

Comptej Retiduit S70, p. 13S0, 1920. 
f. Fhys,, 3, p. jz, icjzi. 

i" “ VortriK auf der PlTj-sikcrtastunp in Jena." lg2U 
J. ThomE-on, Positive Rays." 
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STTirarAfiY* 

These investigiations open tip new metfiod^ for the study of con¬ 
ditions of dissociation^ ionization, and excitation of radiation of multi- 
atomic moleoiles. They have given a definite interpretation to the 
critical potentials of hydrogen and yielded valuable information re¬ 
garding the processes of ianizatiaD and radiation in nitrogetL Simi' 
lar work with iodine is in progress. 

Fjium Phv'SICAL LAtoa^TtaY^ 

PmscETQN, Nzw JntSE\'. 


ilANXA, NECTAR, AND AMBROSIA* 

By PAUL HAUPT. 

1 

[Read April 

The Biblical marsm, which the ancestors of tlie Jews are said to 
have eaten for forty years until they came to the borders of Canaan, 
is not the manna of commerce, which is a saccharine exudation 
obtained in Sidhan pbntations^ during July and August, by making 
transverse incisiotis through ihe hark of flowering-ash trees (Fraxinns 
omus)* This is employed as a gentle laxative for children and is 
still largely consumed in South America. The Jcws^ manna is gen¬ 
erally supposed to be the boney-like exudation of a species of tamarisk 
on the Sinaitic peninsula^ The flow of manna, from the soft twigs of 
the tamarix GalUcOj which is due to their being punctured by a scale 
insect^ appears only during certain months (about the end of May 
and in June), It could not have yielded the daily provision of more 
than 300 tons the annua! quantity produced on the Sinaitic peninsula 
is only 300 or 600 Ihs. Nor could it have been ground in querns, or 
pounded in mortarsi and haked* in baking-pots * It has the con¬ 
sistency of wax in the early morning, but melts in the heat of the sun 
(Exod. i6, 21), This Sinaitic manna is still collected by the Arabs 
and sold to the monks of St, Catlierine on Mount Sinai, who supply 
it to the pilgrims and tourists visiting the con volt, 

I showed in my paper The Buniing Bnsh ti«d the Origin of 
Judaism, which I presented at our GeneraJ Meeting in 1909, that the 
mountain whence the Law is said to have been given to Moses can 
not have been situated on the Sinaitic peninsula i it must have heen a 

^ They apc sM ta Imvc colkctEd an omcr per clay per persem (Exod, 16, 
t6. 36), An naier h nearly a gallon (more accuralcly, 3.644 lileri). Accord¬ 
ing tq Exod. 12, 37 itf. 38* Num. i, 46; 26, 51) there were more ttian6oO,- 
M men not includiPfr Ltvites, women and children j so there would have been 
more than two miUion people These numbers are, q£ course, impossible; see 
Grmyi Nuptbm (ICC) p- la* contract EB^ 25, below. 

^ For. Heb. to bake, c/. a S 13, AJSL 26^ 16: ZDMG fij, 517* 

* See the cut on p. 64 of the translation of Lemlsckr in tfie Polychronie 
Bible; rf, MLN 2 ^ 43JS ZJ^MG 7^4- K lo; JBL jj&p 556. 
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volcano in northwestern Arabia (PAPS 48, 355). * The name Sinai 
13 derived from the Assyrian name of the moon-god, Sin. Abotrt 
four da_vs' journey SJE, of Tebufc in northwestern Arabia there is an 
isolated table-mountain of sandstone with a high, pitch-blade extinct 
TOlcano on its flattened summit, which is called oi-Badr^ i.e. the 
Arabic word for full moon. At tlie toot of the nortliem side of this 
sacred mountain (which was visited, on July 2. 1910. by Professor 
Musi], of Vienna, who will lecture in this country next fall) there 
are twelve large blocks of sandstone, known as (^-inadabih 
tnisbebol, sacrificial altars. Similar blocks are found at the western 
end. On the southern side there are The Caves of the Servants of 
Moses, Arab. iVo^ti'iV ’abtd Musa, The ancestors of the Jews seem 
to have proceeded from Ekth, at the northeastern end of the Red Sea, 
in a soutbeastem direction (JAOS 34, 526; 35, 387.390), 

Forty years ago the distinguished mj-thologist \V. H, Roscher 
published a monograph^ advancing the iheorj' that nectar and am¬ 
brosia w-ere kinds of honey like the Biblical manna. We call the 
saccharine fluid excreted by flowers, which attracts insects or birds, 
neclar, and we apply the name ambrosia to the food of certain wood- 
boring beetles, which consists of certain minute hyphnmycetous fungi 
coating the walls of their galleries. In the Homeric poems (in which 
eightb-century lotuans describe twdfth-centtiry events; cf. EB“ S, 
Lpe*") iiertar is the drink, and anthrosia the food of the gods; but in 
the Doric fragments of Aleman (the greatest lyric poet of Sparta, 

' Note the following abhrcvUtioni:—AJSL=rii(imroH Joar>\ai 0 / Stwtlic 
ifljjifBjijrj;—AV=AuihorizKl Vernon;—BA=Dctitz«h and Haupt, Bei- 
trngg suf As^riologie;—Bl.=}iiap% SibUsfke LUbesiicdfr tLeipiie, iqo?) ; 

— CD=Ceiilufy Dictionary :~EB=Cheyn(-Black, EneydopirJia slbiita — 
EB“=£FrocfoAa'd£ii Brilannka, litt ediritm;^£jtv5=H4upt, The Book 'of 
KrtSitr (Chicago, i>]o6)0B=G6seiiius-Buhl, Htbroisches Hand'ofOTieTimfh: 
^K=Gessnius-Kaaczsdi, Htbrdisekf CmjuflKrfife,'— iCfelnternatioual Crit¬ 
ical Commentary;— JAOS=ioiir)i£i( of Utr Atoerican Orientoi Society 
=Jour«<B of Btbtuai Litettttaref—jnv^i^ohn, Hopkif^s Uotltrsily Circ%. 
fdr;-MLN=Af«Efroi Language iVo f#J,—O Ifc^Vmr EngVish Dictiotutry Ox¬ 
ford:— OT==Old Tcstamciu;— PAPS=Profffifj'i(sfj the AmcTicon PbHo- 

eophietil .5£frirty;—RV=Revised Version ;—S=^niuel; SEP=^flh,j-rffly 
Evening Pojf;—VS^BrockelmaTm, Vcrgleieheitde GrammaUk dfr jcmiHsehern 
Spmfhta, voL a (Berlin, loij) ;~Zl3MG=Zeitechrift drr Dcuitchtn Mar- 
G^srUjchafi. 

W. H. RosthEtTt Ncktar und AitihTi?sTi^^ Leijisic, 18B3, 
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about 650) Is the food, and in Sappho (who flourished about 

600, and who shared with Alcaeus the supremacy of the ^ILolian school 
of i^Tic poetry) curi^ri^jia is the drink. 

It would stem, how-ever, that both nectar and ambrosja denote 
fragrant especially the nidorons smdl of the satriEces ascending 
to heaven. The fragrant steam arising from a burning sacrifice was 
the ncmrishment of the gods. Ethereal beings feed on vapors, not on 
solid meats." The Old Testament says that art ofTeiing made by fire 
>-reIds a sweet savor to Jnvrr. For Let U\e Lard accept an offering 
(i S 26p 19) the Hebrew has Let the Lord stuell (or iw/iafc) flit 
offering. In 26, 31 Jhvh sa}^: / ttifJ not sradi the savor of 
your sweet odors. When Moah after the Flood offered bumt-o^er- 
ingSp the Lord Sinelied the sweet savor^ and the cuneiform account o£ 
the EXeluge states that when the Babylonian Noah offered a sacrificet 
the gods gathered around him like a swarm of fltes^ so that the god¬ 
dess Istar took the great fly-brushes of her father Anu, the god of 
heaven, tq drive thern away. Fly-brushes are the ancient Oriental 
Symbols of sovereignty'. The gods were starved because there had 
been tin offerings during the Flood (JAOS 41* 181). 

The Hebrew term for the fragrant sinokc of the bumt-ciffering is 
qctorj^ and nectar seems to be derived from the same Semitic stem, 
Just as it has been suggested that ambrosia may represent the Semitic 
Wtflr, ambergris (EB^^ i, Soo*’; AJSL 23, 261; PAPS 46, 15S). 
Ambergris is a morbid secretion of the intestines of the sperm-wliale. 
It is a fatty, in flammable substance Tvbich develops a peculiar sweet 
odor on exposure to the air. It plays an important part in Oriental 
perfumery' and is used also in pharmacy and in cookeiy. 1 have 
show'n in my paper on Jonah* s IVhale^ whkh I presented at our Gcn- 
end Meeting in 1907, that there were spcrtn-Tvhales in the Mediter¬ 
ranean (PAPS 46, 155; JHUC 296. 37_43). Gr. thyos and thyoma 
are equi^-aJent to Hcb. and both art connected with our fume, 

as is also thysla^ and tethyennenos means fragrant^ Similark Heb. 
fntquttdr signifies perfumed in Cant. 3. 6. AV uses perfume for 
qctarl (JEL 36, gi> n, ii) in Exod, 30, 35. 

* See the translation ol LcvUicuj, iu the Polychrome Biblcr P- 63 ^ I. 3; p. 
63, L ta* 
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The xArahic eijuivaJent of the ^tEin of Heb, q^foni means to exfiaie 
an odor in roasting. If ^'Oii return to camp in the evening after 
having been out gunning all day, the smell of frying bacon Ts a sweet 
sazror. The Hebrews sacrificed to Jhv« the fat of the victim. 
Lev. 3i, i6 states: All the fat is the Lord’s (cf. Lev. 7, r I S 2, 16; 
z Gir, 7, 7; Gen. 4, 4), The fat pieces burnt on the altar were, 
according to Lev. 3, 3.4, the fat that cavers the entrails, i.e, the great 
omentum, and the fat that is about tlie entrails, i,e. the mesenterial 
fat. the two kidneys and the fat that is on them, and the caudate bhe 
of the liver. The priests said the fat was the best and richest part 
of the animal.* Liver and kidneys and the surrounding fat were re¬ 
garded as important seats of life and emotian. Wc find in the 
Hebrew psalms; my fit'rr e,ru!tcd for / nttr glad and my reins ad- 
ntonbked me of night for Thau art Jici'cr piit of my thoughts (JAOS 
32, 124; JHUC 323. 39). 

The practice nf offering the fat pieces appears in a new light if 
we compare a story of Pnomethens in Hesiod's Theogony {c, 733 
B.c,) in which the Bceotian poet describes the origin of the world and 
the birth of the gods. Socrates, who drank tlie cup of hemlock in 
399, regarded the stories of the gods as the inventions of lying poets 
(EB^* 25, 333*). According to Hesiod (Tkeag, 536). gods and men 
met on a certain occasion at Mecotie, which is the ancient name of 
Sicyon. near the Gulf of Corinth, 10 m. N.W. of Corinth. Tlie 
business of the assembly was to decide what portions of the slain 
animals the gods should receive in sacrifice. On one side Prometheus 
arranged the best parts of the ox. covered with offal; on the other, 
the bones covered with fat, as the meat was covered in Homeric sacri¬ 
fices, Zeus was invited to make his choice, chose the fat, and found 
only bones beneath. Similar fables recur in Africa and North 
.America (EB“ 22, 

If nectar, which is connected with Heb, qifort, fragrant ateam of 
the bumt-offering inhaled by Jhvh, appears in the Homeric poems 
as the drink of the gods, we must remember that the Arabic term for 
to jiHofre tobacco is to drink smoke, Arab.' sdr^a-d-dnxona. The 
same term was formerly used in English. Ben Jonson (i^^) savs: 

' See the translation of Levituiui. in the Polycliromc Bihle. p. 65 , 11 . y>-jS, 
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The most tfin'np fohaera that I drunk. In the OH^ta] tobacco- 
pipe known as nar^hSeh (Arab* ndrgilaJi or the smokt 

parses throygh water before it is inhaled through a long flexible tube* 
The receptacle for the water, which is often seeated, w*as originally 
a cocoanut sheiL In Persian the coramuE is called n^rgti. In India 
a similar pipe is known as hubble-bubble (or habhle-bobbte). Other 
names of this waler-pipe for smoking a^re hookah (Arnb, Mqqah) 
and j^o/htn (Perj* In Egypt it is called ^sah or 

The Arabic name for coroaimJf is gbs Hindi. The Arabic word for 
to drink appears in our ^herhri and jyrif^. Some men in Waukegan, 
III,, stnoke their h&oich now by taking a libciaJ pinch of sntiff, soak¬ 
ing ft in moonshine until it is thoroughly saturated, then cramming it 
into a pipe, and pressing a little loose tobacco on top (The Baltimore 
New^j April 27, 1922, p, 16^ col- 6 ). 

In a poem TiiP Cigarette^ by Joseph Mills Hanson (published in 
The American Legion Weekly, April 28, 1922, p. 4, col. 2), we find 
the stan^: 

But how 1 loDged to smoke — and not 4 snipe J ^ 

When comes this Inii^-tcgg^d bird that Eaved my tripe 
Back in the boyau ^ —^olnnte^^r, may b^p 
Or One of ptur sttyporti—and handed me 
A Lucky I « Boy, just listen while 1 state 
Vm here to teU the world this one thing straighti. 

No Mnunt Olytdptis god could ever iitiaff 
A cup of nectar sweet as that, bj half 1 

I am indebted for this reference tc Dr. 0 _ R, Sellers, of the Johns 
Hopkins University. 

In Homer, is used as a perfume: in the Odyssey (4,445) 

we read that when Menelaus W'anted to consnlt the old man of the 
sea, Proteusp who knew all things, past, present, and future, and who 
took siesta, surrounded by his seals, in an ocean-cave near the mouth 
of the Nile, the daughter of the god covered the hero and three of 
his companions with hides of seals, and in order to make the odor of 
the hides less intokrahk, she put ambrosia under their noses. The 
ancients had no scents dissolved in alcohal, but perfumed greases, 

■ Sec cat* in CD ef. EBm 13,670^; 

* Stub of a cjgi^jr Qt cigarette. Cf. la PJie'j tacan, 

u Passage between two trcntheiL ^"A Lucky Strike cEgarette. 

ricic. ambic. riiiL^ soc., vol, ixti % kov, 20^ 1912. 
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solid or liquid fats charged with odors, Pliny's statement (13, 2) 
that scenfc&d unguents were unknown at the time of the T rojan war 
iS incorrect. Fats and oils absorb odors. Per fumes are extracted 
from dowers by the agency of faodorotis fats One of 

the most predous unguents was the nard-ointment^ and according tu 
Pliny 43) nard-oil had a red color (cohr rtijus). the 

color of injTTh, which was used as a perfume fPs. 45, 8; Prov* 7, ij; 
Cant. I, r3; g, 5) and as an antisqstic for embalming (John 19, 39), 
varies from pale reddish-yellow to red or reddish-brown. Achilles's 
mother, TTietis (JHITC 306, 34) injected ambrosia and red nectar 
(Gr. crythrSn) through the nostrUs of hh slain friend Pa- 

troclus to preserve his body (//. ig, 40), According to Herodotus 
(a. S6) the Eg^qitiaii embalmers removed the brains through the 
nostrils by means of a bent iron implement^ injecting drugs, while 
the intestines were drawn out through an incision in the left side^ 
whereupon the abdominal cavity was cleansed with date-brandy 
(JHUC sS/n 33) snd filled with tdyTrh, cassia^ and other material 5 ^ 
and the opening sewed up; finally the body was steeped for 70 days 
in a solution of natron, #,c. native carbonate o£ sodium^ which is 
found in some of the lakes of Egypt. On the other hand, the body 
of Alexander the Great is said to liave been embalmed with hpne}^ 
(EB^^ Q, 306"), 

At the command of Zeus, Apollo bathed the body of the Lveian 
prince Sarpedon, who had been slain by Patroclus, in a river and 
anointed it with ambrosia (H. 16, 670.680). Hera cleansed fGr. 
idfAtWH) herself with ambrosia and anointed herself with fragrant 
amhrosiaii oil (//. 14. 170; cf. Judith 16, S). This was no soap, as 
has been suggested, but a scented massage cream. Massage, which 
IS the oldest of aT] therapeutic means, is alluded to in Homer: in the 
Odyssey heroes returning from hatUe are nibbed and kneaded by 
female massers. Massage is derived from Arab, fcf, Syr. 

touching, groping; Heb. tmsdl to grope; xAss, in^asu and 
pasasu, to nib: JBL 39, 159). In Est. 2, massage is called 
tantriiqlm^ rubs: the oil of myrrh had an antfsepde effect and purified 
the skin; the bairns nr sweet odors perfumed the body; tlie mbs made 
the skin white and soft, and improved the figure ( Bst. 22), Shampoo 
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Is the Hindoo term for tliis manipulation; Hioduslanj champ^j is the 
impenidye of champna^ to thrust^ to press (EB** 17^ 863^). Some 
of our modem massage crcamg are said to cleanse all dust and dirt 
from the pores; after they have been niLbed in gently they roll out* 
bringing with them all the dirt and skin impurities, so that the skin 
appears clean and healthy with a dear and glowing colorwhile the 
cream that carnet from the pores appears darkened and dirt-Iadeti 
(SEP. Apra 15, ig22» p. gj). According to Pliny (28, rgi ) soap 
was an invention of the Gauls^ who prepared it from tallow and 
ashes. The ancients deansed themselves by oiling their bodius and 
scraping (Gr. their skins, and by baths (EB 4^65). 

Cowper (1791) says: Her foi-c \ She with ambrosia puriiied^ 

Ambrosia is supposed to be connected with Skt, emrta, which 
denotes the beverage of immcirtality' tliat resulted from the churnmg 
o£ the ocean by the gods and demons (CD s, omrila}. The view 
that Gr. ambrosios means immortal is tmt enable. Nor can Gr. nek tar 
be combined with Gr. nogala, dainties. The andents regarded 
as a compound of the negative and kcr^ the goddess of death, or 
kteinein^ to kill. Our post-VoIsteadian nectars may not always kiTL 
hut they certainly do not Impart imniortaliti\“ Homer applies the 
epithet atnbrosit^, not only to divine food and anointing oil, but also 
to raimenfp sandals^ locks. A sexagenarian knows that hair 13 not 
immortah and if he raised a number of boys he will remember that 
shoes have no everlasting soles. Ambrosial curls denotes frag rani 
Milton says (Far. L. 5^ 57) i His dewy tacks disiiHrd am¬ 
brosia. In Swift (Sireph, and Chlae) w'e find: JVmrj tike her 
fragrant skin f E-thalcd ombrosta from within. The Scottish poet. 
Sir William Mure (1594-1657) has (Dido and JEneas 1, 461) : Her 
s^vet ambrosial breath and ncciarcd hair. Our poets also speak of 
nrrtarine kisses or a touch of her sweet nectar-breathing mouths* 
tinre says j, ntctiiri Cc pas docs not sEgnify te qui 

Cf. Fr* fh^prlmre ambraiiienne^ Ger. jfjcArj Haar. We find alio 
Nacht. 

German poets speak of Nekiartippm and NfktarkUsse. Schiller mys: 
Ntkfardnft von Madrhenlippen; Wietand: der Anhatiirk ihm N^rktonnundes; 
Kucken calls the Hps NektarkAth. We alio find nrktame Bruit (cL BL 70, 
7a), Tennyion {The Mii/fr'j says: / hr ike necklace — ,, , 

her balmy heiam. 
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TTie ni^ht IS often cajled ambrastd; this does not mean holy, as b 
generally stipposed, but baimy. Thomas Moore {Lalla Rookh g-[R ) 
speaks of Ojsf i>f tkf^se ambrasini | A day af sionn often 
Tctinyson (/n Lxxxvi) says: SweH after shoii*- 

frj, ambroAd air and (CEnane) : A fmit of pure Hesperian gold \ 
That smelled ambrosiaHy (see OD ambrosial). Also atJiS^rnjtaf 
sleep means balmy sleepy Le. ^u^aling, rdfreshiiig steep. Edilih M- 
Hull says in the first chapter of The Sheik: It was a wonderful night, 
silent except for the cicada's monotonous chirping, ttiysterious with 
the inexplicable tnystery tliat hangs always m the Oriental night. 
The smells of the East rose up all around "her; here, as at ]K>me+ they 
seemed more perceptible by night than by day. Often a± home she 
had stood on the little stone balccmy outside her room^. dnnkmg in the 
smells of the the pungent^ earthy smell after ram, the aromatic 

smell of pine trees near the house. It was the mloxkating smells of 
the night that had first driven her, as a very small child^ to clamber 
down frort! her balcony^ clinging to the thick iyv^ roots^ to wander 
with the delightful sense of wrongdoing through the moonlit park 
and even into the adjoining gloorny woods. She had alivays been 
utterly fearless. 

There is no connection between the Gr. nectar and ambrosia and 
the Biblical in^inna. The mantia, which sustained the ancestors of 
the Jews in the wilderness, was a nutritive lichen like the Iceland 
moss and the reindeer moss, espedally tht Lceanora escnlcnta, known 
as which in times of great drought and famine has 

served as food for a large number of men in the arid steppes of the 
various countries stretching from Algeria to Tatary fEB'^ i6, 5R4). 
Fragments of manna-lichen carried away by the wind resemble grains 
of wheiit. They vary in size from a pea to a hazel-nut.” The edible 
lichens contain not only starchy substances, but also in some cases a 
small quantity of saccharine matter of the nature of mannite. It is 

i^Littre Mys i. rtianna.; /| rjt ccrlaij: at formic dc lirhens, sur- 

ftfMt dc koinnre ft iecoMUfra fuatentfi. 

iTActordmg ID Nuul 11, 7 the manna was hke ccriander seed. The 
smooth gl^hubr irmu tsi coriandfr Jiifit-ttM are twice as large as hemp seed 
or about the site of a treppcrcorri- The Hebrew word m Exod. 16. M, reu- 
dered In AV mtaiia flaky; sec BV, niargm ■ r/, EB n. 4, 
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morE probable, however, that the powdered manna-lichen was mixed 
with tamarisk-manna and alhagi-manna (Arab. taranjaMr). The 
manna-lichen was grottnd in qnems or poiinded in mortars (Num. 
IJ, 8 ) and mixed with Ihe honej'-like drops exiidiog from the soft 
twigs of tJie tanmrix Gallica or with the exudation of the earners 
thorn (olhagi Mauranim or rarHifrfJniin). After this mixture of 
powdered manna-lichen and tamarisk-manna or alhagi-manna had 
been baked in bakmg-potSp it tasted like honey-cake (Exoi i6, 31) 
or like pasltx' baked in sweet-oit (Kum. ii, S), 

The real meaning of the name ftknma has never been explained. 
Arab, inarin means not only maitna^ but also gift^ present, favor^ 
benefit; it denotes also the nranw-xfijprt which causes the secretion 
of the manna by puncturing the twigs of the tamarisk (i.e. the 
Coccus inaTJttiparujr or Gussyparia mannifera}. The presence of 
these insects may be responsible for the legend that w*hen some of 
the manna was left until the following day, it became wormy and 
offensive except on the sabbath (Exod. 16^ 50.24). The accounts 
gh’ett in Kxod. 16, 14-36; Ntim, 11, y-p are inaccurate and em¬ 
broidered. The primary tonnotatian of Heb, whui, manna^ is not 
gtft^ but separation^ ehminatTon, secretion. It is connected with the 
preposition »wiu. from, which means originally ^orf (VS 397; GB^* 
435^ 4: GK-*, § 119, w, note i). To poTf may mean to partilion, 
apportion. Arab. fate, signllies properly portion (Heb. 

me not, hdq']* This is also the primary connotation of Arab, iwunn 
and fninfjah, gift, present AV uses to part for Heb. hiftid in Ruth 
tt tjp where Ruth says to Naomi: The Lord do so unto me and more 
also it anght but death part thee and mt Here Luther ha-s: Drr 
Tod muss fnicb ioid dir^r scheiden, and Ausschddung is the German 
term for secretion. .Arab, tndiiei^ Kmiojii, to plow, is to break the 
ground. The original meaning of Heb. mlit, specie^, is dhision. 
r^t. species means not only ^arficidoj- sort, hut aliKJ iooJ%\ form (Heb. 
trtnihm; cf- BA i, 124)- The post-Bihlical mm, Iverctic^ signifies 
properly separatist.. Brugsch and Ebers combined Heb. man with 
the late Egv'ptiaii Hiny; if this denote Mtdttwcj, it Is no doubt a loan¬ 
word, 30 that it throw's no light on the etymolcgj^ 

In Exod, 16, 13 the name njcrnncr is derived from mdjf-/iii; when 
the ancestors of the Jews saw it, they said to one another: rndn-Aii^ 
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wlial is this? for they did not know wliat it was, Mdn-hiij however^ 
is AnanaJc, not Hebrew, The Syriac Bible Has hhjih/h := nmuj-AiJ 
in Exod, i6, 15. In Syriac find tmin or mdn^ and what» 

but the Hebrew pronouii for tvltaif is The popubj etymology 
given in Estod, i 5 * 15 must be a late gloss. AV has U ltat is (/u^f 
in the margin, also It is a portwn* In the text AV renders: li is 
manna. RV has lU the text Wfuit is thisF and It is manm in the 
margin. 

Taiuarisk-ffianna is alltidcd to by Herodotus (7, 31). He says in 
his account of Xerxes's march to Sardes during his expedition against 
Greece (about 481) that the Caltatebtan eraftsmen prepared honey 
from tamarisks and from wheat (Gr, iindres dctniacrgol niSli ek 
myrikes te km pyrou paiensi)^ In the OT the term honey denotes 
also various inspissated fruit-jukes or syrups* especially grupc-syrup 
(Gr. tilpsema, siraimi, Arab. dibs). Caliatehus was a towu in Lydk 
S,W, of Sardesj probably near the Lydian Philadelphia^ the present 
AJashcdir, 83 E+ of Smyrna* This Philadelphia was called Little 
Athens on account of its festivals and temples* It was captured in 
1402 by Timur (or Tamerlane) who built a wall of the corpses of 
his prisoners. The tamarisk-honey i$ tamarisk-manna, and the honey 
prepared from wheat may linve been glucose made from w^heaten 
starch (Plln. 76) by the action of dilute sulphuric acid- lids 
acid, which is perliaps the most important of all cliemfcals, was, it 
may be supposed, known to the ancients (r/. Pliu. 35, 175), w^hile 
hydrochloric acid was first obtained about the end of the Thirty 
Years" War (1648), Sulphuric acid is found iincombined in natural 
waters of certain volcanic districts. The Lydtan Philadelphia was 
subject to frequent earthquakes. The Meander valley and the Gtilf 
of Smyrna are notorious seismic foci (EB^^ 75 ?*)- Tire Mseandcr 

valley is noted for its hot springs. The Lydians were credited with 
several inventions* e.g* dice atid coined money * They were also cele¬ 
brated for their music and gyminasdc exercises. The Lydian empire 
was the industrial power of the ancient world. 


APPLICATION OF BIOPHYSICAL RESEARCH TO 
MEDICAL PROBLEMS. 

By a W. CHILE, 3J,D. anb HUGO FRICKE, PhJ>. 

The research, part of whidi is reported in this piiper, h a further 
extension of previous studies undertaken for the purpose of ascer¬ 
taining to what extent biophysical methods can be used in the investi' 
gadon and interpretation of medical prohlerns. Our observations of 
the effeci of certain agencies such as adrenalin, anesthetics, stimulants, 
electrolytes, etc., on the temperature of various organs and dssues pf 
the body have been made with the thought that if the effect of diese 
influences shoiild prove to be uniform and consistent with biological 
facts, these studies would lead to a wider use nf biophysical methods. 
There are many other studies w'hich win be reported in a later paper 
in which we expect to set forth an interpretation of our findings* At 
the present time we urish only to make Icnown the facts wdiich have 
appeared in these invesdgadons* 

Several [similar attempts to study temperature changes in the tis- 
snes of animats under different conditions have been carded out in 
the past. In additipn to the literature reported in a previous publica¬ 
tion, W'e may especially mention the work of Mosso,^ ivhp measured 
the temperature changes by means of a very sensitive mercury ther¬ 
mometer. He believed that he had found a very great change in the 
metabolism of the brain follow^ed the injections of certain drugs, 
among them being absinthe and stry chnin. Hid and Nabatro.® how¬ 
ever, criticized Mosso's w'ork and made evident that his results were 
due mainly tn the action of the drugs upon the blood circulation. 

The amount of oxygen used in the metabolic processes in a state 
of rest and of excitation is knoivn for many of the body organa in 
which excitation usually causes a several-fold increased consumption. 
How the energy cornespondtiig to this oxygen consumption is used; 
how much IS transformed into heat; and how much is used by the 
organ in the performance of its funedons, are questions whose an- 

^ Rpy, Sor.j London, 1S9Z. 

^ Hilk L. and Naharr*, D. NL I&ur^ PhyshL XVllL 21S. 
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sw(^r5 have not been directly detetniifieij for most nrg^s. In the 
case p£ a musde at ^orkp A. \‘. Hill* has fannd that there Is a 
maxifnum efficiency oi fifty per cent. From an estLination ol the 
work done by the organs it is safe to assnrae that for most organs 
the major portion of the chemicnl energy’ obtained through the oxy¬ 
gen coosumption is directly transformed into beat. The chemical 
energy of the oxygen consumed by an organ under excitation corre^ 
Spends to a Eemperatuie increase of a few tenths of a degree Centi¬ 
grade per minute. The magnitude of this change indicates the 
feasibiUfy of employing thermocouples for the temperature measure¬ 
ments in the study of metabolic processes. 

In the studies reported here our attention has been directed espe¬ 
cially to tiie nieasurement of the temperature changed which occur 
in the brain. As compared with most other organst the oxygen con¬ 
sumption of the brain is large. It seents probable that the energy 
corresponding to this consumption is not directly converted into heat 
for the sole purpose of niaiutaining the brain temperature^ but that 
it is primarily used hy the brain in its special actiyities, finally ap¬ 
pearing as heal in the brain or in other parts of the body. If this is 
50 wc would expect that acti\atiGn of the brain would be accompanied 
by temperature changes large enough to be recorded. 

It is evident, how ever^ that changes in the circulation of the hloodH 
due to vaso-constriclion and vaso-dilation in the different parts ol the 
bodvp must be an important factor in the productioii of the tempera¬ 
ture changes in an organ. This fact makes the interpretuition of the 
records of temperature change quite complicated. 

Exj>€rimcntal T^chniqut ^—^The tempeniture changes in the 
organs studied were measured by means of copper-constaatan ther¬ 
mocouples combined with mirror galvanometers. The time of vibra¬ 
tion of ihc gal%'auometef.s was about seven seconds. The galvanom- 
eler deflections were reflected on a enmmon scale, the resistances 
in each circuit being so adjusted that a deflection of one division on 
the scale (equal to two millimeters) corresponded to a temperature 
change of one Gne-hundredtb of a degree Centigrade. The scale 
covered a temperature range of 6® C A specially designed poten¬ 
tiometer made possible the immediate introduction into each thermo- 
^ Hill, A. Vh PkysioL, 1913 , XLV!^ 435 , 
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couple circuit of an dectromuttve force correspotiEiin^ to a tempera¬ 
ture difference o£ 4* C,, &□ that continuous temperature readings 
cotild Le made o% er a range of 14“ Cp 

One junctiou o£ each thEtnicicoupIe was inserted in a constant 
temperature bath, constant to within one ooe-hundredth o£ a degree 
Centigrade, the other jurtetian being inserted in the organ under 
investigation. In most measurements one thermocouple was im 
serted in the brain and one in some Dther organ or tissue. In some 
cases, however, three thermocouples were employciL 

lu order to avoid the influefice of bioelectric, or galvanic forces, 
it IS necessary- to insulate thoroughly the wires that are inserted in 
an organ. This was done by enameling the wires and coating them 
with de Khotinsky cement. 

A special metal holder tvas cou^rncted for the thermocouple that 
w'as inserted in the braim The w-ires^ constantan No. 35 and copper^ 
No, 40, were passed through a hard rubber cylinder, the thermio- 
junction extending about one cendmeter beyoiud tile end of the rub¬ 
ber! the exposed portion being covered with de Khotinsky cement 
w'hich served also to cement the therm o| unction in places 

The skull of liie rabbit was trephined to make an opening 6 mm, 
in diameter and the holder clamped in place, ih? hard rubber rod with 
the thermocouple junction being then inserted. The depth of pene¬ 
tration of the brain varied in different experiments from 3 mm. to 
about 8 mm. The trephined openuig was made tu the right of the 
mid-line on a level with the posterior supeixiliary ridge. 

The thermocouples inserted in other organs also w ere constructed 
of No, 35 constiintan and No, 40 copper wircL The wires were 
soldered together^ the coiistantan w ire extending about three inches 
beyond the itmetion. By passing this free end through a needle the 
junction could be readily draivu into the desired position within the 
tissue. 

We wish to express our appreciation of the cooperation of Mr. 
Seit2 of the Electromechanical Engineering Department of the 
Qeveland Ginic in the constnictian of the apparatus described above* 
The accompany mg group of curves shows the effects of varioua 
drugs Upon the tempemture of certain tissues of rabbits, especially 
of the brain. In a later paper we propose to disctiss the relative 
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roles played io ditse temper^tune changes by alterations in the 
blood eirculalion, in the blood temperature, and in the tuetabolism 
of the organ* 

InfiaiaHon anesihesia. — EOter in its first stages frequently pro¬ 
duced an increase in the temperature of the brain* As the depth of 
the anesthesia was tncreased the temperature fell. Fig. t shows the 



Fig. I. Effect of tbe adinitiiitratifFn uf small amriunts of ctlicr m tbe ituipcra- 
tore qf the brain and of the ItVfcT* 


effect of tlie successive administration of small amotuits of ether, the 
intervals being long enough to allow the animal to become nearly 
conscious betiveen the doses. 

Nitrous-oxidr as compared with ether show'ed a less marked 
change in the temperature and fewer fluctuations, thus giving a more 
stabilized curve (Fig. 2)* 

C^iforo/ortfi showed an initial rise in temperature corresponding 
to that produced by ether. When full anesthesia w^as established the 
temperature fell. 

Adrenalin: A number of observations have been made of the 
effect of the intraveiioiis injecdun of adrenalin upon the temperature 
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Fig, i Effect of jfrolDngecl nitratis ojeid auHthcsfi on the temperature o£ the 

brain. 



Fig, 3, Effect of the injection of adrcnalfn upon the temperature of the IiTcr 

and of the hfahi- 
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of the brain, the liver, the thyroid g:land, the adrenal glands, the 
spleen, the intesunes, the kidneys, and tlie miiades (Figs, 3-5)- 



Fig, 4 . Effect o£ the aijectiM of adrenalin upoi! ibe temperature -of the intes- 

tine and of the brain. 



Fig. > Effect of the injectiDi of adretiaEin upon the temperature of voluntary 
muscle ami of the hraiTL 
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The unifdrm dosage eniployed throughout was the same as that used 
in previous researches, viz., 0^4 c.c, per k^. of i: looo adreualiu 
chloride (P^ D. &: Co.). 

In every case^ the brain showed a very characteristic rise in tetn- 
peratufCj the temperature increase coutmuing for from ten to fifteen 
minutes and amountmgp on an average, to about 0,7* C. The other 
organs usually show an effect just opposite to that in the bram, the 
minimttm temperature, however, usually occurring a few minutes 
later tJiao the corresponding maximtiin for the brain. 

In several cases the temperature of the spleen and of the intestine 
fell markedly, in some cases as much as two degrees or more (Fig. 4). 

In all die above experiments the thermocouple was inserted in tlie 
gray matter of the brain and in every case a rise in temperature was 
noted. It was found, however^ that when the thermocouple was 
placed in the white matter^ no change in temperature occurred after 
the injection of adrenalin, 

jdntyf Nttnie: The inhalation of amyt taitrite produced a marked 
rise of t.l° C. in the brain tempemturep the liver showing no der 
dded effect, excepting a slight, continuous decrease in temperature. 

Electrolytes: The action of sodiuan and calcium chlorides has an 
important theoretical interest* Fig, 6 shows the effects of the in¬ 
jection of these salts upon the temperature of the brain* The ^v'e^- 
known antagonistic relation existing between sodium chloride and 
calcium chloride is strikingly illustrated. The doses given were 2 
cx. of a saturated solurion~36 per cent.—of sodium chloride and 
I c.c, of a TO per cent, solution ol calcium chloride. 

Cyomde: The action of a strong poison was shown by 
various injectfons of siodiuin cyanide. The injection of 0.001 N solu¬ 
tion caused a slight rise of temperature, corresponding to the stage of 
excitement. The injection of o.oi jV solution produced a state of 
depression^ W’hite an injection of 0,i N' solution caused an immediate 
drop in temperature followed by a marked rise; during a period in 
rvhich violent tremors and convulsions were occurring^, During 
these convulsions the temperature fluctuated over a range of d.i“ C. 
The result of the injection of still stronger doses was an immediate, 
rapid decrease in the temperature of the brain followed in a few^ 
minutes by death. 
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ELECTFiOL'rrES 

BRAJN^ Na a CSOLUTSOK AT 37"CJ 



Fic, d. Effect upon the temperature o£ the brain of the inlravenoo* injec- 
tiem oi (j4) 2 C.CL of NaQ (jaturated—C); {F) 1 uf CaCk lio per 
cent snlurioia). 


Summary. 

1, Bj meaxis of direct tnea^tiremeiits of the variations in the teni' 
peratnre of animal tissues, iiew light may be tbrowa upon the action 
of any agent upon the organism. 

a. The observations thus far made are consistent with the dinted 
obser%^atiQns, and with the Endings in other forms of physiological 
research. 
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3. The opposite effects of the injection of adrenalin upon the 
brain and upon other organs and tissues demand especial considera'’ 
tion, 

4. The use of the biophysical method of measuring vatiatinns in 
function opens the way to further applications of biophysical methods 
in the study of physiological problems. 


I 


THE AGE OF THE K^RTH FROM THE GEOLOGICAL 

VIEWPOINT, 


Bt t. c cil^mberltn, 

IRfod April 

Gekeeal Intboduction, 

In pioneer days, when tbe sciences were struggling for a pkce in 
the Slid* it fell to Geology' to pull up and set back the stakes that man 
had stuck to mark the beginning of the eartE This seemed to many 
a moving of sacred landmarks; to others it seemed a wanton use of 
the secrets of the cemetery of nature's dead. A bitter war arose: 
radal bias disputing the rock beds; tradition and sentiment fighting 
mud layers and fossil imprints. The struggle that followed was long. 
The throwing of rocks and rock-ribbed arguments grew to be an art 
that might well have drawn forth the envy of an Ajax. But the 
substantial slowly gained on the sentimenbd. The brutal cogency of 
a slab of fossils could be hated and fought, but could not he gainsaid. 
And as the tide tumedp the geologist began to play emsaderj he 
mounted his war horse and went forth to convert the worlds—includ- 
ing, withal* some of bis scientific colleagues. 

After a timep however, the battle shifted to another field Darwin 
and Wallace drew off a following and taught them to use the subtler 
weapons of "the struggle for existence"' and "natural selection." 
How^cver* they still plied the old geologic weapons ^ for they^ toOi had 
reason to point to bed on bed: they had need of even more time than 
the geologists. So tiicy took the lead and the team became a tandem, 
Biology prandng in front, Geology trotting on m the thills. 

But the spirit and abandon of this team soon awakened a new 
antagonist. Kelvin took the field in the name of PhysieSp Astronomy 
and Mathematics* and sought to set metes and bounds tn the back' 
ward extension of terrestrial time. He told the tandem, with much 
show of premises and figures* that the feed on hand positively wonld 
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not let them go as far as they proposed. The tnndeni was reined in 
and marked time, losing not a little of ttuh free natural pace it should 
have! retaideid. 

But in rime this great antagonist was neatly flanked from an 
nne?^pected quarter. Certain physicists and chemists discovered that 
they bad a decaying atom on hand* keenly watched its rate of 

decay and soon camo to see that if atoms take as long to grow as 
some of them take to die off, there should have been tune enough for 
this little ball of atoms to get together — and plenty of energ)' as welL 

So, too, astronomers began to see that tlie malniig of globular 
duateirs and stellar galaxies required time. If 6o,0oo aufis have time 
to come together and work themselves into a steady state while yet 
they are suns, the getdug together of our little earth may be merely 
a negligible matter after alL And so a new order of things has 
arisen. The tandem is a vexed tandem no longer. We now have a 
fine four-horse team; Astronomy and Physics at the front, leading 
off at a great pace; Biology on the pole, steadying the team, and 
Geology plodding on as the old original wheel horse. 

Titk Geologic Problem. 

Now^ 1 must hasten to warn you not to expect much of the old 
wheel horse. He has grown stiff in his paces^ and his paces are not 
what they should have been. Kelvin checked him too high. A 
reasonable check should have given him good form and some sense 
of restraint, but checked too high, he took to short mincing stq^s. 
Aa a result he’s in poor shape to swing into the greal pace of the new 
leaders. It is too much to expect him to recover his natural stqj at 
once, but he will in time. For the presentp he wiO need a touch of 
the whip now and then to make him keep pace. Let this be gentle 
and considerate, because of his age and his past sen-ice^ but let it 
be persuasive. 

Represent ATRX Geologic Tjm e-estimates. 

It is a simple matter, thEOrcticallyj to use the rate at which sedi¬ 
ments are being laid down, or solutions gathered into the ocean, as a 
divisor to find the lime required to lay down the whole column of 
sediments or the whole accumulation of the salts an the sea. Practi- 
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cally there are sedati^ difficulties. In the first dozen years of tMg 
century four notable estimates were made in tin is way by able geolo¬ 
gists: two .‘Vuierican, Qarke^ and Becker;* two British, Joly* and 
Sollas.* These estimates form an admirable point of departure for 
this distussiorL, They represent the mode of geologic mterpfetation 
that has been most current tin til recently; th^- typify opinions widely 
held hy the conservatiye school of geologists; they stand out in con¬ 
trast to the views of the new schooiy The mean of the four esti¬ 
mates, on the basis of the sediments, was gOpOCMpDOO years, roundly; 
pn the basis of the ocean, 95,000,000 years. The highest individual 
estimate ivas 150,000,000 years; the lowest 70,000.000 years. I shall 
not deal with the individual estimates, but merely with thdr meiTi 
^*aJue, and with that only as representative. 

A[y discussion can not be specific and concrete without some reEer- 
ence to views in other fields. My colleagues in this Symposium will 
give ynn the last word from thetr ^dewpomts^ and if I could follow 
them I would gladly take their estimates as specifically representatiye 
in their several lines. In lieu of this. I can only use such general 
views as are enmeuL It has long been known to be tbe view of many 
biologists that the evolution of life required much more than lOOp- 
OOQhOOO years. It is also well known that most estimates based on 

1 F. W- Garke, ^ A Preluninaiy' Study 01 Chemkal DcrrmiatiarL,^ Smiths. 
Misf. LVl., 5 The Data of GecichcmistT^-/* 

= George F. Bedcer, “The Age of the E^rtfi^ Smtfkj. Miic. CofL. LVI. 
No. 6 (1910). 

" JDly^ ^ ^ Estimate Ot tiic Geobinca] of the Earth." Tr^3^^s. Roy- 
.Tar, Du^h'js, VIT. pp^ fij- 615 : *^The Age of tbe Earthy fitli 

ser., VbL XXIT. (1311), pp. 

* W. J. SoSlaSp PrejidFiitia] Address,'^ ^wdrl. lawr. Gfol. VoL 65 
(May, igog), Prac. Geol. Soc. of London^, Sess, pp. l-ciiiL 

■ It IS not practicable to smninarize tbe tiajc-estimatei ol the newer school 
con£E5teni!y ■witli the dhrisioaa of labor adopted La this Sympo-Etum since they 
are composite, cmbmcnig organic, aatrononiic, and T^dioactive factora+ wttli 
same emphasis mi tite last The faltowiag papery of this class may be 
taken as representative ; J, Joly, " Radsaacdvity and GeoloKj^" Van Nos>trand, 
New York pp. 233-51- Arthur Holmes^ “The Age of ihe Earth,^ 

Harper Bros^ London and New York (11^13)+ pp, 1-156; J. Barrcll, "*lDiythTii 
mid the Measurement of Geological Time," BulL Geai Sxrc. Am., VoL 26 
PP- ?45-"0n4+ T. C. Chjimhcrlm, ** Diastrophism and the Fotmativc 
Processes.*' XIIL The Time over wliicii tbe Ingatbertng of Flancteslmali 
wat Spreadr*’ /our. CmL, VnL XXVIIL (iq3o), pp, 675-81. 
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radio-activity greatly exceed this. Astronomical opinion has recently 
been trending toward the view that long periods arc necessary for 
certain typical phases of celestial evolution^ Perhaps I may over¬ 
step my proper limits far enough to say tlmt 1 have recently tried to 
form some notion of the time required for the gathering of planetesi- 
maJs from what seemed a probable distributiDn into the collecting 
planetary nuclei, and found a period of the order of two or three 
billion years the most probable,^ These current views in the collateral 
helds warrant me in assuiniiig that there is a wide discrepancy be¬ 
tween the geological estimates just cited and the present esti m ates in 
the related fields. In view of this I can perhaps ser^e you best by 
inquiring whether the recent additians to geologic evidence and the 
newer modes of interpretation mitigate this discrepancy in any ap¬ 
preciable measure. Let us consider first what the newer evidence 
relative to the sediments lias to say* and turn later to the solutions. 

The Testimony of the Seoiments, 

In tonsidering possible modlficatiDns of the foregoing estimates 
five questions arise i (i) How far do recent irivestigations tend lo 
lengthen or to shorten the older estimates? (2) To what extent has 
human action made the present rate of wash and deposit faster than 
the mean pre-human rate? (3) How far does the present state of 
elevation make the present rate faster or slower than the mean rate 
of the past? (4) How does the present area of erosion compare 
wdth the mem area? And, finally* (5) does the lower end of the 
geologic column give us the point from which the accumulation of 
the sediments began? 1 can try to answer these questions only very 
briefly and inadequately. 

I. The Effect of Intensive on Earlier Time Esiimaics . — 

A strictly accurate chronology reaching back from the present for 
several thousands of years is now being worked out by De Geer’ 

^ Diatroplil&Tn and the Formative Procesjics, XHIt The Time over which 
the Ingathermg at the FUnctcs^iniils wa* Spread^ T. C Qiamberlm, 

GicL, VoL XXVIII. (1930), pp. 67 ^^ 

T Gemld De Geer. Geochraaology of the Last Years," Fr^c. InL 
Cffwpr,, Stockholm, p, 241 ^ “ Kontinentale Ntveaijvcdijiiicningeii im 

Norden Europas," ihid.^ p, Spitxbergen* ibid.* pu 1305: Phcnotuene* 
Ou^teniairea dc Stackhotinr ibid-, p. 1290; ‘'Onatemary Phcaoratna in the 
Sauthem Part of Sweden” ibid.^ p. 
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He has succeedetl in identifying the yearly deposits of glacial voters 
and in correlating them with annual moraines. In addition to this, 
he has been able to match sections at dtstanE points by comparing the 
succession of pcculiaritieB in the annual "vanie” layers. While this 
is a quite special method and has only Umited application, it is impor¬ 
tant to general tLroe estimates^ because it gives a means of checking 
up other criteria that indicate glacial time, and these help chedc up 
certain non-glacial criteria. As is well known, the duration of the 
recent Ice Age was for a time a sharply battled question, and the old 
views pitted against the new views came to he well defined. Though 
not yet ready for precise announcement, it is already foreshadowed 
tliat the De Geer method of measurement, when it shall have fully 
covered the retrcatal stage of the last gladal epoch, wiU show that 
stage to be about three times as long as it was made by the most 
representative of the old estimates. The main differences g£ opinion 
as to the duration of the gladal periodT however, grew out of the 
evidence itiat instead of one simple short epoch there were several 
epochs of glaciation separated by rather long interglacial hiter^'als. 
Now, by using the De Geer method to correct the criteria on which 
time estimates of these glacial and interglacial epochs have been 
based, a glacial period at least twenty times as long as that assigned 
by the old estimate seems to be foreshadowed- likely this 

degree of extension of an old-time estimate by a new one is excep¬ 
tional ; at any rate, the glacial formations are exceptional deposits and 
make up only a small part of the geologic column. 

In considering the standard water-lain sediments of the column, 
it is to he understood that only rapid surveys or mere reconnaissances 
have as yet been made of the larger part of the earth, and that inevi¬ 
tably incoTispicuous breaks in the continuity of the deposits have been 
overlooked. As a result recent critical studies have revealed in some 
cases surprising numbers of gaps in the continuity of deposition. 
For example. Dr. Stuart WdJer, in a study of what was formerly 
regarded as a cqntinuDUs section of the Mississipplan, has found no 
less than J2 breaks in conti^uit>^ The ttmc-vaJue of these, in his 
judgment, is tivo Or three times as great as that of the visible beds 
themselves.® The lime-values of such intervals are best judged by 

* PcrsQiul cominunicatiao. 
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comparing the faunas below them with thpse above, but this falls 
within the province of my paleontological colleague, and I therefore 
leave this source of correction in his hnnds^ merely expressing the 
convictiou diat these breaks in the continuity of the sediments are 
quite sure, when finally and fully adjudicated, to extend greatly the 
old estimates of the time occupied in sedimentation, 

3 , Hmmn Acceleration of £lu? Rate of DeposiHon .—To pioneers 
who watched the effects of floods, freshets and ordinaty' wash on the 
native surface of our prairies and forests in their virgin state, and 
who are able now to compare this with the present wash of the ^amc 
surfaces under cultivation, there is no need to argue that humaTi 
intervention has greatly- hastened denudation and deposition. In the 
native state the surface was protected by thick mats of grass, leaves 
and other vegetal debris; while the sod was bound together by dense 
entanglements of roots. The waters d^en ran almost clear where now 
they run mud,^ Added to this are the quickened deflation of winds, 
the wear of roadways, the effects of quarrying and other excavatioUp 
as well as the actual carting away of clays, sands, gravels, quarry 
stone, foodstuffs^ timber, and other material. White it is not easy 
to fi,x on a dehnite measure of these effects, the needed correction 
seems certainly to he large, 

3, Correefioti for the Present EIti*ation of the Surface ,—It Is 
held by leading American geologists that tlie general dev'atory move¬ 
ments of the continents have alternated with periods nf relative 
stability during which the proce^es of base-leveling and ssi-trans- 
gressiou have cut down the coutiuents and developed peniiplains,^* 

^ A fuller ffiaecmcdit of this wfth •ckaffans of data from Dole and Stabler 
and frotn Fx W, Clarke i& given rti DialrDphLsm and the Formative Proc¬ 
esses, Vlllx^ The Quantitativx EJement Ln Crnitinerrul Growth.” Tx C, Cham¬ 
berlin, Jcur. Gee/.j VnL XXJI, £1^13). PF 

^*The follDWiTiiif lo'oup of papers cmpliasizc tlie rbylimiirjl nainre of 
vatioii and stahility and of tbc action of the atmosphere and hydrosphere 
upon the periodic defortnaibni of the earth body and thus form tbe basis for 
the argumcTits in this and the next section i A Groap of Hypotheses Bearing 
on CSlmatie Changes,” T, C, Qiajnberlin, Jitur. GesL, Vol^ V, HiSgyJ, pp. 681- 
83: ** Tlie Ultimate Basis for Time Divisions and the ClassiEcatioii of Geo- 
togic History" ibidn Vol VL (189S), pp. 449-63: ” A Systematic Source of 
provmciai Faunas" ibad_, Vof. VI, pp. 5i97-f»09; “The Influence o^ 

Gireal Ep^ichs of Lirnestonc Formation upon the ConstitutitMi of the Atmos- 
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The penods occupied in the process of lowering^ the surface by 
denudation arc held with good reason to be greater than those occu¬ 
pied in its elevation by defonuative actioriH It is needless to say that 
elevation Increases the velodt^^ of the rtinH3ff, and that this velocity 
greatly increases the transporting power.^^ It is generally agreed 
that the present altitude of the continents is greater than their mean 
elev^ation during geologic history* Geologists recognize at least two 
stages in which the continents were exceptionally high and broad : 
that which attended the transition from the Pateozoic tn the Mesozoic 
Era^ and that which attended the transition of live Tertiary to the 
present epoch. Tlie cxisltng stage thus falls in one of the most 
notahle stages whm continental elevation and breadth were greatest^ 
though perhaps not at its clLma.x. Geikie estimates the present mean 
elevation of the land at 2441 feet.** The mean ek\'atton of the great 
peneplains i$ a matter of judgment rather than of knowledge^ hut no 
one would probably put the elevation at much more than a third of 
this. Probably a third is too high. The mean elevation for aB the 
ages, high and low, quite surely falls somewhere between 2400 and 
Boo feet, and probably nearer the 800 than the 2400. There can be 
little doubt, theiip that the present rate of denudation and deposition 
is much above the mean rate. 

There are incidental conditions attending high relief which add 
appreciably to the immediate effects of the steep dcclivdties lo which 
it gives rise. Relief of the surface increases the vertical air currents 
and these favpr precipitation: they also tend to concentrate the pre¬ 
cipitation and give it eiihancod effect. High relief often induces 
sharp sbnw'eni and distinctly rapid mn-off. Tlte smooth surfaces of 
the stages of lower eltr^^tion^ on the other liand, favor a more even 

pherr,'* ibid., Vot. VI. (16^), np- 609-22 ^ imA specifically as applied to the 
■lucftion of “ RhylJitn and the Mca^urenactit: of Time/ J. Barrcll, J?mF. 
GtoL Sqc. Wfrt., VoL 38 PPh 745-9£M- The argument used in the pres¬ 

ent paper will be found staled as a quotation from ChaiuberlTn b Holmes' 
Aiir of the Earth^^ cited above (1913), pp 79-Bi, See also T. C Cham¬ 
berlin, ** Dlastrofihiirm as tlic Ultimate Basis of CorrcTatjon,” m Outlines of 
of Geologic History,'’ compikd by B. WillU and H, D, Salisbury (1910), The 
University of Chicago Press, pp. 298-3061 

See tbc -ifiecial investiBatitin of G. K_ GiTbert, ‘'The Transportation of 
Debris by Rimning Watpr" ProL Paprr 86, U. S. Geof. Surv. (19x4), 

“ Textbook of Geology,'* 4Lh ed. VoL L (ipoj), p. 49. 


254 


CHAMBERLIX—THE AGE OF THE E-\RTH. 


distrihution of rain, a larger absorption into the soil* and a slower 
nin-off of the remainder. So, too, accidcoted surfat^es are likely to 
be ineffectively protected by v^etation, for lack of soil* or of ade¬ 
quate moisture. These and other incidental ioffueuces add appre- 
dablj to the total effect. It seems clear, therefore, that a large cor¬ 
rection is to be made to tlit present rale of denudatian because of tlie 
relatively high eJevatiou of the coutiuents^ 

4. Correctum for Area ^—This is to a large d^ree, but not wholly, 
an effect of the elevation of the continents, but none the less it 
deserves aepamte recognition. When elevation increases the land 
area* hasedevding and sea-transgressbn at once set in and combine 
their forces to reduce the exposed area. The result is very Targe 
v^ariations in the areas of the ancient lands. The estimates of 
Scliuchert and others for North America show variationg that range 
from the full surface of the continental platform down to half that 
surfa^^- As a rule, of course, the lesser surfaces were also low sur¬ 
faces, and the tv^'o influences were cumnlativei- At stages of low 
elevation and slack drainage deep soils were likely to accumulate and 
these favored thick vegetation which helped to hold the soils. Thus 
in several ways small area and low elevation united their influence in 
a cnmulative effect which cotild not have been other than large. 

Fariiai Smntnary. —Snminarizjng at this point, it appears that 
four important corrections quite certainly roust be applied to the 
present rate of geologic ac±idn to reduce it to a mean rate for the 
whole of geologic time. These corrections are cumulative. There 
seems to be no way at present to evaluate them rigorously or perhap$ 
even very closely. The weighing of their value is greatly affected by 
the individnal judgmentp and that in turn by individual experiences 
and opportunities of observ'ation. Speaking for myself atonCp it does 
not seem to be overstraining the importance of these corrections to 
suppose that their cumulative value vidll be found great enough to 
bring the old-time estimates up to figures of about the same order as 
those of the air rent radio-active estimates. 

5. The L&zorr End of the Geologic CoJwifiw.—Below the base of 
the Paleozoic series the geologic lerranes are much obscured by 
diastrophism and mctamorphisin. ft remains to inquire what is the 
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testimony of tliis obscured portion as to the horizon at whkh the 
sediments began to be deposited, for that 15 essentia! lo mea^tiring 
the whole period oi deposition. It was once thought that the Cam¬ 
brian beds lay close upon ^' the original crust,^^ and that they either 
represented the real beginning of the sedimentary series or dse an 
early stage close to the beginning. But as field worls progressed it 
was lonod that first one and then another thick series of sediments 
lay below the Cambrian. It was farther found that there were 
marked unconformities between these great terraneSi and that these 
were of such a nature as to iniply bog intervals of time unrepre¬ 
sented by deposits; that is, times wIieo the deposition took place else¬ 
where. The luimber of such strongly unconformable terranes has 
been notably increasing as investigation proceeds. The correlation of 
these is not yet complete or even wboUy satisfactorVi so far as it has 
gone, but the leading workers in this field recognize six^ eight, or 
more great stages. This Pretrambrian factor is thus certainly greatt 
but just how great is yet undetermined. 

The Toere extension of the sediments downwards in this large 
degree is not, however, the most significant feature of this recent 
work. Great granitic series form a prominent feature of these lower 
terranes. Tltcse were formerly taken to be parts of ** th^ original 
crust." They have been founds however, to consist of remarkable 
into earlier series made up of sediments^ volcanic debrU, 
and surface lava flows. The granites arc not evidence of *Mfie origi¬ 
nal crust of the molten globe/^ Nor does there seem to be any other 
trustworthy evidence of "an original crust.'* Thus observ^atlonal 
evidence does not give the depth at which the bottom of the column 
of sediments is to be found, and theory is perhaps as favorable to a 
depth of a thousand or two thousand miles as any shallower depth, 
A rehabic starting point for reckoning the total thickness of the sedi¬ 
ments is not av'ailable, 

TtiE Testimony of the Solutions.^* 

In the effort to find the carth^s age hy means of sediments adv'an- 
tage may be taken of the fact that each deposit makes its own mdt- 

Only a brief general statement could be made at the Symiiosiiiiii for 
lack of time. Adequate citatEon af evidence or of authority, or eUbormtioD of 
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vidual contribution. It is thus possible to sum up as many of these 
separate contribudons as can be measured satisfactorily and rest the 
case there, leavii^ w[iat mnains of the earth's age to be found out 
later or to be guessed at or to be ignored. But when the inquiry 
turns to the solutions it must lace the fact that the contributions of 
each stage have been mingled with those of aJl other stages and the 
record to be measured is thus an indiviBible unit. If the ocean, con¬ 
sidered as such records can be used to measure age at aU^ it 15 the 
total age of the ocean. This total age of the ocean can not he 
pected to tally with the age found From an unknown fraction of 
sediments. 

The Basis of Esthnaiing tks of the Orrnn.^—The interpreta¬ 
tion of the time occupied in the concentration of solutions in the ocean 
hangs on the assumptions made relative to its origin and to the entire 
histor^^ of the earth^s waters on land and sea alike. This includes 
the volume of the waters at the start and all along j it includes the 
tnetamorphic solutions from within the earth as well as those that 
arise from surface action. Account must also be laken of such 
reversals of action as take materia! out of solution and return it to 
the solid state. All these must be considered, for they are all neces¬ 
sarily invTDlved in the question of the age of the ocean. Some basal 
assumptions are unavoidable, and if we must d^l with tliem, it is 
best to be frank and explicit about them- The nectssari^ assumptions 
as to the early stages of the ocean are more nr less speculative, but 
if we are to discuss the question of age at all, there is uo occasion to 
be squeamish about that. It does not make the assumptions any less 
“ spectilative to gloss over or shy at the fact that they are speculative 
or at least have speoibtive factors. .Assumptions are least dangerous 
w^hen explicitly recognised. They are even likely to be least specu- 
lative when the grounds on which they rest are carefully sifted, logi¬ 
cally weighed, and made to throw such light as they may 00 the ques- 

critical poiiita was Smpratdcabk, Tlu= ptbted |riv« sc^mewhat more 
Lberty and I have tsikm advantage of it to a thnked extent and have recast 
thLi of the text to accottimorlaic it to this. T am EFratly indebted to Dr. 
T, Wayiaod Vaughan, U. S. Gcofogist In Charge of Investigation! nn Sedi- 
mentSH for aid in setdtinjij documents and personiil giatementg from the de¬ 
partments of out general Hovcrnmeni and from its oHiciala engaged in investh 
gationa bearing an the question m hand. 


CHAMBERLIN—THE AGE OF THE EARTH. 


257 


tion in hand. We have no cal] to discuss the age of the ocean at all 
unless we are ready to be frank about the other end of its history. 
The crux of the issue lies there. We are all agreed ahiotit the age 
of this end. 

The Tw<t Tyt^s of Assumptions ifi Actual Use and iheir Radkat 
Diffcrtn£€S ^* — Only two general tyf^s of assmtiptions require recog- 

i*Tlie fdur estimates of the age of ihe ocestn which were eked earlier 
and which gwe an aventge of g5,cwDjcx» yeari, wslh a range from 70,000,- 
000 to 150,^000,oOo seem clearly to have been made on iht haiisi of the 

inhcTiLcd view of the urigiti of tlie earth. Thi§ assumes lhal aU the TuatenaJ 
of the irre^nt h^TlrospherCp togethfe^r with Mich Eiibsitajiceii of the present earth 
body 13 would be volatile at the tcmpcniiurc of molten rneki were held In 
the atmosphere whiE:h ^urrooiided the j^upposed tflokeu earth. The Dccanlt^ 
hirturj' 15 iiiSTimcd to have begun when the w^aleri from this prtmitrvc ocean* 
bearing atmosphere condensed upon the emst tliat had formed over the 
molten earth. The great inilueace which thia licw has had on geologic 
thought and the wide extent to which iuterpretatjoiis derived from it ^ter 
into various geotogic concepts niitf rer^^nced as its offspring^ arc ohicSy due 
tp the exphot tcadiing? of the did masters who had clear cosmologicat con*^ 
ceptions and the coxirage of their cdsivscticms. Foremost of these among 
American* was Dana, and as I once believed and taught this view hot have 
became an ap05ta.Ee from it ajid the protagonist of another view, I trust that 
in foUow'iTig Dana's statnimt in the Fntittli Editicm of his Manual of Geology 
as a Emndard eEposkion 1 shall not be doinE any in justice to the lEihriitcil 
view. 

On the other haml the only accrerional view that ha* been carried out int^ 
any measure of detail is the ptanctcsima] hypothesis. (The most recent statc- 
mcriJr of paints pertinent to thU dlBCU^^ian may be found tn a scries of articles 
entitled “Diatrophlsm and the Formative Processes,” T, to XV., lour. 

Vols. XXL (1913) to XXIX, Ct92t)j particmlariy artides X. to XV,). To 
clear the air oE needless fog let it be noted that this is not a speculation re* 
garding tbc origin of the imivcrse,. or of the sta^s^ or ei^^cn of oiir son. It U 
merely an endeavor to explain the aingtilar dynamk pmperrici of the earth 
and itj icllow planet* and thrir strjngc relations to the sun. Tt is merely a 
definite endeavor to solve a very definite prohlem. Jt Blartcd from an attempt 
lo test the tenabiliiy of the inherited view of the atmosphere ju*t outlined. 
The hypothest* that the atmasphcrc once held as v^por all the water of the 
ocean and much other volatile material was framed before the nature of go^es 
was bjiDum. The view seemed logical enough tandirt- the old uotlou of 
Special reasons for testing it hy the kinetic theory of gases arose out of the 
relations of the atmosphere m g]acistipn+ The results of the test w^rc very 
unfavorable. Et seemed wholly improbable uuder the kkietie constituttan of 
gases tliat a maltcn earth could hold so vast and active an atmosphere. This 
advcr.Be result led to other tests pf a more mechanical sort. These disclosed 
certain critical fan* in the dynamics of the solar *ysEern whach^ while not hI- 
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mtion here, the one ba^ed on the vie^' that the ^rtb started as a 
molten globe, the other that it gnrw up slowly by the accession of 
solid particles. For the purposes of the present question, it Is not 
radically material how the molten globe arose., on the one hand, nor 
b)" what celestial methajiism the accretion took place, on the other, 
beyond the fact that the material of the ocean w^as supposed to be 
asscmhled as a vapor about a hot earth, in the one case* ready to begin 
work in full volume when cooling took place, while in the other case 
the waters came into action very gradnally. Out of these hasaj dif¬ 
ferences, however, there arise some important contrasts in the inodes 
of later action that are almost equally radical in their bearings on the 
evolution of the ocean, so that both the original and deris'ative differ¬ 
ences need to be sharply in mind in considering the question of the 
earth*s age. 

I. On the one hand, it is assumed that the ocean was es^ntially 
uniform in volume throi^haut all the ages, and that the disintegradon 
of the surface rcjcks. the inflow of solutionSp and the content they 
carried were also essentially uniform. If these assumptions are cor¬ 
rect, or if they hold true of a single leading dement, as sodium, the 
present rate and content of inflow may be used as a divisor to ascer¬ 
tain the total time of inflow. This, however, is subject to the condi¬ 
tion that there is no important reversal of action^ or at least none that 
can not he adequately measured and discounted^ 

The alternative view assumes that the ocean grew to its present 

together Dnknonni^ Lad not hten Adequately rccognited as mdlsticn sable cri¬ 
teria b the mterpretation of our planery systrai. In other words, the eartli 
and Ell fsiinity have dynamic pecutiarifcies that luake die question of their 
origin a special ore. hirtdliary point the ikeir in- 

ierprtfoii^n. The plaaetesimal hypothejEs U simply tlie result of an attempt 
to toUoiY these hcreditarj^ traits back to iheir parcnlage. Tt is as little a^ poa- 
flibte sficcalativc, for it staria i^ith mechanical properties which are rigorously 
dctennEnate and which must be met hy any hypothesis of genesis worthy of 
serious conjiderallon. Il follows these hack to their probable origin in other 
known properties and namral actions sp related to them as to be their probable 
sources. The method followed was oniy a phase of the standard practice of 
geulogists in following the vestiges of a recorded event back to their most 
probable sources. If pcctiliar at all, it is merely in that the vetslJges are dy- 
tiamic. It ill became a iia lo be squeamish aboul ListartcaJ deductions from 
historical vestiEcs for there ar-e plenty of people who regard geology a specu¬ 
lation from beginning to end and there is uo present help for iL 
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volttme very sbwiy from a small b^inning, that the solutions caine 
from three souicts and were variahle from tlie start, so that the wliole 
histoiy' was very different from the preceding. The three sources of 
solutions were (i) the intema! rnetainorphic action of waters en¬ 
trapped in the growirig aecessionSr (£) surficiai action by the atmos¬ 
phere and hydrosphere acting on the shell of the lithosphere, and {3) 
accessions of water-substance from the environing sphere under con¬ 
trol of the sun — particularly accessions ihrough the system of ex¬ 
change between the ultra-atmosphere of the sun and the ultra-atmos¬ 
phere of the earth.^" The first source brought one type of soluticms, 
the second another* and the third added water that was essentially 
fresh. Under tHs view it is ob’^'ious that until this complex of 
sources and ’t-axiatinns has been worked out the present rate of acces¬ 
sion has no claims to be regarded as a trustworthy divisor for ascer¬ 
taining the total period of actisdty. 

There are also two rather radically different metliods of dealing 
with the geo-chemical evolntiou of the ocean. These are not neces¬ 
sarily conniKted with the preceding differences of vieWj, but as a 
matter of fact they are closely associated with them. 

The first of these—associated with the older cosmological view —^ 
takes for its start the concept of a imiversai crust acted upon from 
without by an atmosphere and hydrosphere, for its middle factor ihe 
streams, and for its end-products the sediments and tlie ocean. The 
matter in the sediments and in the ocean taken together are supposed 
to match the loss 01 the crust by decomposition and wear. Under 
this view any real failure to so match is a discrepanc3'^ to be accounted 
for. In the special problem in hand the sodium in the ocean, together 
with the sodium that remains in the sedbuents, should match the 
sodium once in ihe denuded rocks of the crust. So^ also, the other 
elements of the entst should appear in due proportion in the sediments 
and the ocean. It is recognised in the cases of calthiro, magnesium^ 
potassium, silica, and other elements that there are reversals of action 
by which tliese elementg go back into the solid state as new sediments, 
but it is held that sodium does not return to the solid state in the 
sediments in a similar chcmko-physical cydic uvay, to any appreciable 
Origin of the Earth/' Tlie Univerat^" of Chkago Press 

pp. 1 ^ 31 . 
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degree. Thus the sodium now in the ocean is held to represent the 
accumulation of all the geologic ages, and this total accumulation 
divided by the rate at whidi the present streams are carrying sodium 
down to the sea is held to give the age of the ocean, barring some 
correcti[ins to be noted later. The crux o£ the whole issue of age 
lies in the validity of these concepts, particulaTly the irreversibility of 
the sodium. 

The other view is far less simple. It looks upon the hydrosphere, 
of which the ocean is the chief concentratiou^ as only the Liquid phase 
of a soHd-liquid-gaseous cycle through which the earth substances are 
passing. Tt is held that the earth h perpetually undergoing self- 
metamorphism in all its parts. This nietanvorphkm takes place in a 
multitude of ways, each unit doing its part. In its own place, in its 
own way, and at its own rate. Each unit passes through its own 
cycles of liquid-solid-gaseous states according as its nature^ its con- 
tacts, and conditions determine. Its career is wholly dependent on its 
Own succession of conditionSt and is only affected by what other units 
are doing under their conditions incidentally as it happens to come 
into working relations to them. The cycles that thus arise are so ^ 
multitudinous and intricate that their correlation is a most formidable 
task which is scarcely yet fully appreciated \ little more than a begin¬ 
ning lias been made toward its accouiplishTnent. 

Under this view it is nece^i^ary to stress the fact that the simple 
5 olid-to-so1ution change from the mde to the ocean does not cover 
the whole evolution in the case of any substance. In most cases there 
arc many cydes, some in parallel lines, some in succession. The 
content of the indurated rocks^ on the one hand, and the content of 
the sediments and the ocean anlutions on the other, arc great features 
that have guiding value, but they are too general to cover with ade¬ 
quate accuracy the suh-sy'cles that make up the real histuiy. The 
correlation of the W'hole is too largely^ conditioned by the number and 
speed of the constituent tycles to be successfully dealt with. It is 
especially affected by the reversals from the liquid to the solid state 
which take place during the i&ssages from rock to soil, from soil to 
fresh-water solutions, or to colloids and turbid suspensions^ and from 
these to the concentrated sea soInHons in the borders of the sta. The 
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deductions drawn from such a compUcatioTi of cycles differ in very 
important respects from the deductions drawn from a simple match¬ 
ing of the content of the Igneous rocks with the content of the ocean 
solutions and the sediments. 

NoWp in respect to sodium, it 1 % of cotirsep recognized that it 
returns to the solid state in less degree than potassium, magnesium, 
and calcium. Tt is held, nevertheless, ou good evidence, that the 
sodium does return to the solid state in minor equilibrium degree and 
is recounted. The reactions involved are controlled by the law of 
mass action and the mutual effects of the constituents on one another, 
The reactions are particularly affected by the degrees of toncentra^ 
tiotu which are very low in the fresh-water solutions and quite high 
in the sea solutions. The trend of the reactions is toward equilibrium 
between the constituents, not toward any exclusive Or monopolistic 
combination. Specifically, it is held that when the stale of cdocentra- 
tion favors the sodium, it ■will displace either potassium, magnesium, 
or caldum, and that such displacements take place as a standard fea¬ 
ture in the processes of disintegratiQn and solutictip though only in an 
appropriate mitior degree. 

Let us now turn to such determinations as arc available for testing 
the v^idity of these contrasted interpretatiDns. 

Discrepemdes in fh^ MaUhing d / Ignems^ Rocks Sedimmis 
and Sohitiofis. —llie difFerences betw^een the content of the igneous 
rocks and that of the sediments and the salts of the ocean have been 
put in delmite fmm by I^th and Mead.^^ Comparing first the 
igneous rocks with the sediments, they find the following excesses and 
deficiencies: (r) a dcfidency of 3.1 percent, in iron; (2) a deficiency 
at 26 per cent In magnesium; (3) an excess of 32 per cent. In cal- 
ciiim: (4) a deficmicy of 64 per cent. In sodium; and (5) an excess 
of 2 per cent, in potassium. If the corresponding constituents in the 
ocean are added to these severally, some of the discrepancies wnll be 
lessened, while others will be increased; the discrepancies do not 
disappear, though they are somewhat mitigated. 

2. Tt is recognized on all hands that the land waters vary greatly 
according to the nature of the drainage area from which they are 

1* C. K Leith and W. J. Mead^ ” Mcramorphic Gcolojjy " 69 es 

particularly pp# S3^-Sfl. 
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derived. In some districts they consist laiRdy of carbonatest Or of 
sulphates; in others of chlorides, or of silicatesi while the degree of 
domi nance curies greatly within cadi class. The solutions of the 
ocean, however, are not identical with any of these, nor with a simpk 
mixture of them; the ocean solutions are dominantly chlorides^ but 
constitute a combination which is quite distinctive. This implies that, 
instead of a theoretical mixture of the land waters» an effective 
chemko-physical reoTganization takes place, a liquid metamorphism 
of the heterogeneous land w'aters and their content into the homo¬ 
geneous sea solution and its sediments. This is in a measure recog¬ 
nized, but the recognition is inadequate if the change k regarded 
simply as a liquid metamorphism. There is a neglected solid factor 
in the form of silts and clays that is of critical Importance, The 
usual comparison is really between the dear waters of the streams^ 
which are mainly the outflowing waters of the land—^and the 

sea waters. The run-off and its contents—the wash-waters of the 
land and their hurden of mud—are neglected. But it is this run-off 
water with its mud and the coUpids that go with it which carry the 
larger part of the acid radicals of the soil from which the basic radi¬ 
cals w^ere leached. The reunion of these acids wdth the alkalies in 
the border of the ocean constitutes a critical part of the metamorphism 
which gives rise to the ocean solutions and sediments. We will 
return to this presently. 

3, Tfc* Larger Fart of the Solution^ mm; Flimfng inio the Ocean 
Coiarj from the Sediments; the Lesser Pari from the Igneous 
Rachs .—^This becomes the more suggestive w-hen it is noted that the 
sediments have been worked over repeatedly in sorne notable part; 
some small part, perhaps hundreds of times; some larger part, scores 
of tirne^; while some other large part perhaps has uot be^ worked 
more than once, unless we count in the many times most material is 
handled in going from the parent rock to the ocean. That the sedi¬ 
ments should still he able to yield saline solutions to the observed 
extent raises a vilsl question into which it is necessary to inquire 
before assuming the practical non-reversibility of the sodium solu¬ 
tions. It is already well recognized that a part of thU sustained 
prodiictiveness is due to s^-winds which carry salt inland from the 
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octean. This salt is thus counted as many t trees as it is carried back- 
An endea’fcior ]ms been made tn estimate and make allowance for this 
by taking the increase of salt solutions near the ocean as a criterion* 
It has also been recognized tliat salt solutions are entrapped in the 
pores of the sediments as they are laid down under the sea, and that 
when the beds are afterwards raised above the sea-level diesc solu¬ 
tions are drained into the streams and counted again as salts from the 
land. The amount of dupIicaHon involved iti this depends cm the 
ahilitv' of the rocks to hold salt water mechanically in their por^^ and 
correction has heen sought hy estimating their porosity and cUscoimt- 
ing for iL Sandstones usually have the highest porosity and lime¬ 
stones come nextp while shales are relatively close-texlured and Im¬ 
pervious, hut still the shales are e.vceptionally productive. So, ^so, 
lE has been recognised that heds of rock-salt occur in the stratified 
sericSjH hut these are held to be relatively unimportant. So still fur¬ 
ther some particles of the original rock may remain undfsintegrated; 
so, too^ fresh partides may he cut away from exposed rocks by wind 
blast and widely though sparsely distributed. But when the modify¬ 
ing effects of all these have been recognized and discounted, there 
still remaias a serious source of doiiljle counting of sodium which wc 
must consider presently. 

4. The ratio of cWorine to sodium Is a crucial matter, recognized 
but not sufficiently empliasized. luspccdou of the drainage from 
regions of igneous rodts shows that chlorine is rriathely lotv and 
/lie sadhtm relathrty high compared with the ratio of these elements 
in the ocean, which is about t.8 chlorine to i sodium. The relative 
defideticy of chlorine in the drainage from the ^"tiry rocks that are 
assumed to he the ultimate source of the salt solutions raises a funda- 
mental issue. 

g. In view of this, let us make our iuspection as sweeping as pos¬ 
sible. Let us compare the ratio of sodium to chlorine m the ocean 
with the ratio found in the average igneous rock of the whole "crust."' 
The latest and most anthorltativ^e determination of the cheitiical com¬ 
position of the igtieaus rocks Is that of Cbike and Washington, which 
gives the mean sodium content as and that of chlorine as 0.096.^^ 

Frajtk W* Oarke and Henry S. Washington, U. S, GcoL Syrv. and 
Gfophys^ Carnegie InslltulJofii af WadiuigtotL, “The Average C&tnpo- 

noc. JtyjiLA^ I’Uiu, snc., mi. zjEr, s. Die. 26, 1922. 
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From this it appears that the mean per cent of sodium in average 
igneous rock is about thirty liners as grcaJ as thetr content of rUorine. 
This is a large differencej but it docs not represent the full dis¬ 
crepancy, for the chlorine in the ocean exceeds the sodium in about 
the proportion of 1.8 to J. Taking this into account, the di 5 crei>anC}' 
rises to somcrwhat above 50 to This is a formidable discrepancy. 
How is it to be met on the assuiription that the sodiiun in solution is 
not reconverted into sodium solids* but remains in perpetual solution? 
The dilemma is not much relieved by reckoning in the sediments and 
the ocean salts, for Clarke and Washington also give" the ratio of 
sodium to chlorine when the atmosphere and hydrosphere are reck¬ 
oned in with the outer ten miles of the lithosphere. The discrepancj^ 
corrected for acttial oceanic proportions, is even then nearly 20 to t. 
Quite naturally volcanoes have been thought to be a source of excess 
pi chlorine, but any concrfbution from the volcanoes is covered by 
this inclusion of the whole atmosphere and hydrosphere in the aver¬ 
age. Besides, the later studies of volcanic gases do not sustain the 
earlier views that they contained a sperially high content of chlorine,^® 
The observed differences between the sodium and the chlorine appear 
to have grovra mainly out of the normal processes of cyxhe change 
when tliese are \Hewed in their largest aspects. If the sodium returns 
to the solid state in due (though lesser) proportion to the potassium, 
magnesiuni, calcium, and chlorine, as these consHtuents are found 
mixed in the solutes and the sediments^ there is no necessary dis¬ 
crepancy in these great differences. The discrepancy is constructive 
and is imposed by the assumpeipn that the sodium does not take its 
proportional part in cyxUe action. Under the alternative interpreta¬ 
tion, the amounts of tlie several elements present in the ocean are 
primarily functions of their own cyclic histories; their proportions 

sEtioii of T^eon^ Roticfi,” Froc. Nat. Acad, cf ScLt Vol. 8^ No. 3 tMayf 19122), 
pp. IDB-13. Ln the p^per as read at ihc Sympostura I used the theti latest aitd 
nsost atiLhoritathc Rgnres, viz.: those oE H. S. Wa^lilngldn, ^Thc Cbcmistry 
of the Earth's CrusL,^ /esur. Fraiikiin m which the sodium waj given as 

and the cblarine as 0.(^5. 

Ibid, p. 114. 

T. Alkn, Chcmidl Aspects of VulcaaisTn with a Ccillectioti of the 
AnaJyses oE Volcsnic Ga_sei,*' Papers from die Gcoplo'sjral Laboralory* Car¬ 
negie Instiiutiott oE Washington^ No. 440 (i^), pp, 1-80. 
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are not predetermfn«l solely by the compcsitiOD of the Igneous tckJes 
now at the surfactp but rather by the relations theJr own solvent 
to thdr non-solvent natures under the conditions of their loti^ com- 
pleTC history^ Spedfically, in the case of sodium and chlorine, the 
obsen^ed ratio merely means that the solution stages of sodhito oom- 
pared with its solid stages are much inferior to those of chlorine, just 
as those of potassium are much inferior to those of sodium^ and so 
on through the list. But. however cogent this may be, definite evi¬ 
dence that sodium does enter freely into the s:yclic processes, in due 
proporticin to the action of its associates, however inferior the pro¬ 
portion may he, will naturally be demanded. Allusion has already 
been made to a neglected factor. us turn to that. 

Tile Mud Cycle Achiaird hy the Surface^ Floods. — ^Familiar as 
this is in many respects, it has perhaps receh'ed less criticaJ geo¬ 
chemical study than almost any other common feature of nature with 
which we are directly, not to say unpleasantly, brought Into contact 
The agriaillural chemists have naturally Iicen preoccupied with those 
elements of the soils that serve as pSxint food, the students of hygiene 
and domestic science, with w^aters suitable for drinking and culinary 
purposes, and the geulugic chemists with the organic ex-tracta and 
precipitates that form the limestone, dolomites^ and siliceous beds. 
The mud factor of the surface vrash has been neglected. And yet 
the muds (later shales) comprise much the largest part of the solid 
residue of disintegration. This solid disE^gregated residue and the 
colloids associated with ft are separated from the true solutions in 
large meagnire at the very^ start on their long Journey to the sea. 
The true sotutious are largdy formed by waters that descend through 
the soils into the underlying formations and thus form the ground 
waters which pass by springs and into the streaitis, giving them 
their steady supply of clear water. This is the water chiefly analyzed 
and taken into account in reckoning the tnateraal home by the stream 
to the ocean. The solid residue, tlie days, silts, and sands, however, 
ate only slightly removed by the gentler rains which soak into the 
ground. They are carried down to sea chiefly by the floods following 
hea%7 storms, or by the thaw-w'aters of winter snows which form the 
spring freshetSi or by flood stages from any cause. The turbid mat- 
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tcx ol tlic5e HiiidJy waters contains a large part oF the add radicals 
with whkh the basic radicals of the true solutions were united in the 
parent rock and in the soils. While it is known that tlie muddy 
waters contain hydrous silicates of alumina and iron, partly colloidal 
and partly nou-coHoidal, together With finely divided siliceous silts 
and colloidal silica^ Full and exact infoTtuation is lacking. Dr+ Collins 
says that “the dissemination of silica in natural waters, particularly 
turbid waters^ is one of the least accurately kno’WTi of the dctcmilna- 
tionfs of substances present in appreciable quantities." =“ He adds 
that even “ the exact state of the sUica present in a perfectly clear 
w^ter is usually not known. It may be colloidal or it may be present 
as a silicate radical.” Tn addition to this — or perhaps the cause of 
it—investigation is embarrassed at the inland end ol the c^clc by the 
fleeting and irregular nature of the freshet stage, and by the rapid and 
intricate changes within the soils. The changes in the soil arc so 
rapid in certain respects that F. H* King found it important to make 
his determinations of water-soluble solutions by means of an impro¬ 
vised laboratory in the field so that determtnations might be made as 
promptly as possible after the sample tube had taken the soil from its 
natural relations.-* At the sea end of tlic cycle the recombinationB 
of the add radjcals with the basic radicals seems to take place chiefly 
at the base of the turbid water as it is carried out over che concen¬ 
trated sea solutions and diffuses into them. Before the add radicals 
reach the bottom the reversing phase of the cycle hag probably ended 
and a new cycle begun under sub-oceanic conditions. The experi¬ 
mental evidence in support of this conclusion is buried in a great 
mass of literature which relates primarily to other elements, particu¬ 
larly the elements that Form plant foods, such as potassium, phos¬ 
phorus, etc,, and those that form precipitatea such as calcitun and 
magnesium carbonates, but when these scattered data are gathered 
together their combined import is suffident to make dear the essen¬ 
tials of what Itappens.^ 

W. E, Cvllins, Chief of Ltic Quality of Water DivisSoti. U. S. Cecil. Surv, 
PeracmaJ coiummilcatiDn. 

BtilL 56 , U, S. BepL (1905)^ pp. 

The loUciwlng art amon[^ the more inTpoTtaiil early inveitigatiQns: 

Way, Uur- Rnjy. Agri. Spc. Vol. tl (1850), pp, ^13-7^; VoL 13 (1832)* 
pp. 123-43; Vol. 15 (1854), p- 491. 
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The present Ftattis of Itnowledge and opinion is smnmarized by 
the following quotations. 

Dr, Tmog writes : 

The mincnil^ or saJts m soils cdRsIst largely of On weathering 

the ba^cs are rtmoved the silicates, leaving' acid residue^ or acid silicates. 
These add filiates will react with sabs like KCl and XaO and remove the 
bise and leave HCl in solotioo. \^Tieii soil Is treated with equal ntolecolar 
strengths of these two solutions^ the potas^sium Is teraoved to a sreater es- 
tent than the sodium. This is dqc to the fact that the fiotassinm forms 
more insoluble coiupouiids with the acid sUiiiatcs than the sodimn. Fnrthcr- 
morc, Bilicatcs which have not bad thcEr bases removed wHl alio react with 
these sails and exchange bases with thcHL For examplep poEassIutn chloride 
witi react witk an insoluble sodittm silicate in which reactioti the potassium 
replaces the sodium and the sodinra is kit in isnlution as soluble sodlinn 
ebtoride- If an insolnblE potaBaium silicate were treated with a solution of 
Eodimn chloride some of the sodinin would replace the potassium and spnic 
pota.ssium would thus go into sdIu6ou as the soluble chloride. This, how¬ 
ever, would not proceed In ag great an extent as the previous reaction, since 
the potassimn forms a mpre insoluble f-illca.te than sodiiuiL. in reading sottie 
of the literature on this subject one may get the impression that sodium 
h not retained by soils like the potaisiuuiv but ibis Is really apt the case^ the 
aetipn is merely' relative. The potassiiim is retained to a greater Extent 
simply because it forms more iusoluhk compatmds with the soils. 

Dr. Milton Wlittney** writes: 

The invc^tigadonE o£ this Bureau*® show that the absorptive power of a 

Eichhum, Pngff^-An^ VoL 1:23 (Tft54), p. laS, 

Voelcker, J?oy, Stre.^ 2d series, i;, pp, 2Sp-:ji6, 

Rullenbcrg^ Koffmac^a ”Jahres bericht der Agriknltur Chemte," VnL 8 
(jS 65 J, p. I 5 h 

Lemberg, dcuIrcA. Gi^oL Gesult^ VoL 20 (1877), p. 483. 

eiE, Truog^ Soil Chemisti DepL pi Sods of the College of Agriculture, 
University of Wiaconstn. Personal communicatkm. 

** Milton Whitney, Chief Bureau of Soils, U, S, Department ol AgricuT- 
ture Personal commimlcatipn. 

** These mdude numerous publications eontaifung many analyses as w'ell 
as special discussions^ but as in all agricultural puhlicatigns, the constituents 
that mart concern plant life reDtive most allenricm and data relative to sodium 
is iucLdental. The foUpwing may be cited 1 

Camerdn, F* K., and Bell. J. M., The Mineral Conslituefiti of the SoU 
Solution,*' S. Dept. Agr.^ Bur, Soil a, BuU. 3(\ ^^05. 

Cameron, F, KL. and Patten, H. E, “ The Distribution of Solute between 
Water and Sail/' Jour of Phys. Chem,, Vol. 11 ^ pp, 1907. 

Patten, H, E., " Some Surface Factors AffedJng Distributtnu,” Tranj. 
Awik-r. Elrctrochi^m. Soc^ Vol TO, pp. 67-74, 

Pattenj. H. E., and I 3 rallaghcr+ F. E, ** Absorption of V^apors- and Gasta 
by Soils" U, S. Dept. Agr., Bur, Soils, Bull, 51, 190S, 
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soil rcsidca almost whoHj in the ultra elay or the material in the 501L 

This ultra cLaj* mamly a hydrous dlicate of atuTniiia and with hydrated 
OKides of irnn and probably alumina and absorbed calcium, maenesinm, so- 
dium and potassiufiu It is of a. colloidal nature, aud can be separated from 
the soil in the ^o^ln of tniniate droplttSi in dilute coUoiElal snltilioBS which form 
Into colloidal a^Kyee;ates when the concenlrallon h somewhat over one gram 
per tooO c.c. 

The chemical analysis of the soil colloids which wc have separated shows 
consideridjic amnimts 01 lime, potash, soda and other material which we be¬ 
lieve to be absorbed in collDldaLl condhiom Wc believe there is a diatribution 
between ihe amount so absorbed and the concentration of the uou-colloldal 
part oi the solution. We believe also that the absorptiem of any one of these 
constituents such aa polassium wiH be mflncooed by the presence of other salts 
such ai sodium or E-alrlum. Under all stikblc conditlorts there wiU he an ectui- 
librium between the amount absarhed and the concentration of the surround¬ 
ing liciuid. Sodimn chloride lowers the absorptioTi of potassium chloride and 
calciciid salts lower the absorption of potassium chloride. In general' sods and 
bhc cpUoidH. obtained there From absorb the basic ions much more readily than 
they' absorb the acid 

According to Clarke the earth's crust coptains 3^ per cent, of N^a ±0 and 
2.06 per cent, of K4O. Thirty soils and the colloids obtamed from the same 
coliccled by this Bureau contained in the soil 1.50 P^-r cent, of KjO and 1-43 
per cent in ihe coU'oidsH The soils contained on the average 077 per cent of 
iJaiO and 0 - 3 ^ per cent, in the colloids. These figures show very clearly the 
greater power possessed by the soil colloids to absorb and to hold back potash 
than they have for sodium. 

A diffusion experiment with a soil coUoid lasting over (wo months in 
which targe volumes of distilled w^atcr were allowed to act showed a lois of 
^5 pet cent, of to Lai KaD and over 93 per cent, of the total Na^O. 

There is no tiuestioii that the sod colloids are able to absorb NaCL This 
Is shown ty the ancicerf eispcriments of making sea water druikable by filter¬ 
ing through soil filters. 

Data and references examined show tliat under conditions of leaching by 
rain water where rtjuillbrhtm conditions arc chpiuged potassium Is largely re¬ 
tained by the soil but sodium ii largely leached out. 

In the presence of much NaCI, as is found m sea water^ ocean shore de¬ 
posits would undoubtedly absorb considerable 5 ^aCt up to the point where the 
CDHoiEb were iu equilibrium with the sea water. IF the nmtcrial were then 
formed Inla a shale 3Jid efevated to land areas the induration would presum¬ 
ably destroy the colloidal properties leaving the NaG free from its colloidal 
entanglrmcnta aud with the change of the solvent from sea water to rain 

Patteu, H. and Waggaman, W. IT., “ Absorption by Soils ” S. Dept, 
Agr., Bur. Soils, Bull. 52. 190®- 

Schreiner. Oswald, and Failyer^ G. ** The Absorption of Phoaphatw 
artd Fotassium hy Soils,'* U. S. Dept Agr., Bur. SoilSp Bull. 3^, 1906, 

Parker, F, G t SUeetive .Adsorption hy Solls^^* idur. of Ai^r, 

Dept Agrn Vol. I., Ko- 3 (Dec. lo, ipij)* 
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water equilihritmt cofttlitiDni wduM I>c cip^^tcd to reaaovc readily a cotfsEd- 
erable atnaunt of the XaCl while the KiO would be largely retained oti the 
weathering^ of the shale apid the reformatjott of epiloids resuhing therefrom. 

From thesHS autboritative statements of present knowledge and 
opinion r from the early experiments of Way^ Eichhom, KnllenLerg, 
Voelckerp LeitiLergf and others, in mingling soils with sail soltitions 
and in passing salt solntions through soils, and from manv inter¬ 
mediate experiidents died by Sullivan/* there is left little ground for 
doubt that when the acid radienJs previously separated from the basic 
radicals Under conditions of very low conceiitratton^ again meet basic 
radicals under conditions of high concentration in the ocean off the 
mouths of the streams* reunion takes place iu equilibrium proportians. 
The experiments of Lemherg are particularly instructive ou this point. 
He treated potassium-alnminum silicates with sodinm-chloHde solo- 
tious of different degrees of concentration, and after thoroughly 
washing tile solid material so treated found t/iof patassimn had been 
r€p!ac€d by yorfinm m increased quantities as tlw concentration of the 
sodium solution was increased. Complete replacement of the potas¬ 
sium by the sodium did not take place, but only replacement to the 
degree required by the law of equilibriiiUL Now if^ in addidon to 
Uboratorv' results, we recall that lit former times salt water was 
freshened lor n^ by passing it through soil+ the periodic flooding of 
the border waters of the ocean by soil wash from the lands may be 
looked upon as a natural process of salt-water freshening* As there 
was wash from all the landsp and as the shales formed from the wash 
products are known to make up much the largest part of the sedU 
ments^ the process was really one of great magnitude. 

As the ncicombinations are divided among the constituents in 
accordance with the law of equilibrium^ the sodium gets a smaller 
share than the potassium, but it gets a sharie. From the imperfect 
evidence one may guess that the sodium recombines to a third or a 
fourth of the extent of the potassium, but whether more or less than 
this proportion^ it seems clear that enough sodium reunites with die 
add radicals in their solid state to ^dtiate tlic use of sodium solutions 
as a criterion of age. This b as far as the present issue requires me 

Eugene C Sullivan, ** The Interaction between Mlncrmh and Water 
SnlaticiDj. with SfHfrial Reference to Gtotogic PhenqTncna*” Enll, No. 313* IL 
S. Gen]- Surv, pp. 7 - 63 . 


270 


CHAitBERLUC—THE AGE OF THE EARTH 


to ^0. EStmbOtss othfir c^ dfrs foUow in the sea and in the sedimentary 
beds^ particularly when deformations take place or i^eous and meta- 
morphic actions follow^ but we need not dwelt on these^ 

The Cycles of Chlorine .—The chmax □£ the solvent actions that 
enrich the sea is reached in the cycles of chlorine, but only a passing 
word can be given to these. The tenor of experiments vrith soils 
indicates that chlorine remains more persistently in solution than the 
sodium and associated substances« As the cy^des of each substance 
spring from its own nature and the conditions it encounterSp the very 
high preponderance of chlorine over sodium in the ocean finds its 
chief explanation in this more persistent solubility- Its proportion 
in average rock is only a conditiouing factor and is not the chief oon- 
trolling itiJiuence. When compared with sodium^ which is much more 
abundant in the igneous rocks and indeed in the whole substance of 
the outer ten or tw^entik' miles of the earth shelly atrrjosphere, and 
hydrosphere included,-'" the logical conclusion is that the cycles of 
chlorine have always had a much larger liquid phase than those of 
sodiuniH and that this has been cumulative through the ages. Chlorine 
is better htted than sodium to be used as a criterion of age, hut even 
in this la^t case there are formidable difficulties. Both sodium and 
chlorine and all the other constituents^ as already noted, have their 
ovim histories which are difficult to diseti tangle. A& Boger Bell neatly 
puts it: There are as many liistciries'to be written about die waters 
as there are kinds of sediment.**There would he an ocean highly 
charged with chlorides if there were no aodium in the earth at all. 
So lliere would be an ocean highly charged with sodium solutions if 
there were no chlorine in the earth. The status of the ocean at any 
time is simply the equation of the solution phases of the antecedent 
cycles of Sts constituents, all of which have passed through long, 
complex, more or less individual histories. In the tedious work of 
their disentanglement the older and simpler geo-chemical notions will 
not answer: the newer principles of chemistry, physics, and geology 
are indfspensable. 

Conclusions . — Our finding, then, in respect to the age of the 
earth from the geological viewpoint is thist 

CSarJte and Washmirtort, fbid,, p. 114. 

PtrBoaaJ cornmimleatiun. 
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r. EstitTia.te& of lim^ on the well-preserved series of geologi¬ 
cal sediments will* when adequately corrcctedp probably fall into 
harmony with the revised deductions from paleontology, radio-activ- 
and aslronomVi so far as these cover the same grountL 

2, The distorted and metamorphosed terranes below the well- 
preserved series of sediments do not disclose the starting point of 
sedimentation The sediments can therefore give no verdict on the 
total age of the earth; th^ are great enough* however, to show that 
the earth is veiy' old. 

3, The science of hydrogeology, of which oceanology is only a 
part* is not yet ready to render a verdict; it has more need of a court 
of inqniry than a place on the witness standL 

UNtvtBsrrv op CsicAno. 


THE AGE OF THE EARTH FROM THE PALEONTOLOGi- 
CAL VIEWPOINT. 

Br JOBjf Ml CLARKE. 

^pril 

It faUs to me to consider this knotty problem on the basis of the 
biological evidence alone, in so far as it is possible to disentangle this 
from its almost inevitable complication with geologrcal accompanl- 
ments. In saying biological I mean, of course, biology with the time 
clement generously admitted; that is, not the biology of the instant, 
the present, but the long biological panorama leading up to the 
present. Thus 1 am in a different case to some of mv colleagues, for 
I presume it safe to say that life can have come into being only as 
a secondary potency in the evolution of force. Just what 1 mean is 
that ‘the combination or interaction of physical energies of different 
categories did not produce the form of energy we designate as life 
till after a very long chapter of the earth’s planetary history had been 
written, I may as well franlcly say at the beginning that there can 
be little hope of arriving either at a ndiabk or an approjcimate con¬ 
clusion as to the age of the earth through this paleontological channel, 
unless the study of the chronological development of life may in 
some way afford a measure of the rate of vital processes and thus the 
measure of some short span or infinitesimal fraction of earth history. 
This is a shadowy' road and this presentation must resolve itself into 
consideration of such evidences as there may be for time-re(|U]sites 
in the consuRimatiou of evolutionary biological procedures, whether 
in gross or in detail. The hare statement of this fact in such vague 
form must carry with it an indication of the grave uncertainty of the 
results except to minds of tlie fourth dimension. 1 am not convinced 
that it is vnthin the power, now or ever, of even the most refined 
understanding of paleontology, to accomplish this and establish such 
standards of measurements. Nor am 1 at all confident that the 
attempts which have been made to establish such rates of procedure 
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could justify the great tabor they have exacted, were it not for the 
important accessory facts they have elicited* 

There seems to be no effective reason or very good philosophy in 
declaring, as some of our writers have been wont to do, that all life 
is one life. We seem to have really established the polyphylogeny of 
several races not only in the lower phyla of aniinals and plants, but 
among the vertebrates, and in the thought of competent authority, 
ei'en to the inclusion of man, and we assign these like products to a 
differently governed and directed inheritance emanating front fixed 
points in evoludonarj' history. This is an enlarging point of view in 
the interpretation of past life, and admitting its general effectiveness 
we can conceive and can justify a concurrence of physical energies 
which need not, and indeed should not logically, be restricted to soine 
outburst and some single definite moment in earth history* 
This intimation is that life itsdf may be polygenetic, though we would 
not have it interpreted as applying to the reiterative appearance of 
inceptive life through die ages, which is an old conception that still 
awaits its justification; it is rather only the precise implication of a 
terrestrial condition so oontiolled that by the intersection of the 
requisite forces life came into being at the points rather than at the 
point of such intersection—a crude way of stating it, perhaps, hut it 
is an intimation of my meaning. 

When we gaze upon some nf Walcott's Burgess Pass fossils, see 
the extraordinary intricacy of their anatomy, as, for example, the 
crustacean Burgessia. with not merely the delicately toughened parts 
of its exterior, but the evidence of intenial organs of great refinement, 
the lobulation and venation of renal organs; and. in tlie trilobite 
Neolcnus. the multiplex delicacy of gills and swimming or walking 
organs, the effective impression is that, as between such creatures and 
their nearest allies and perhaps their offshoots of to-day. there is no 
difference in degree of specialization of structure, no progress in 
perfection of organic function. Indeed, we may even go further; 
modem allies of these creatures are in dose straits of adjustment to 
their own physical surroundings, which are too often indicative of 
the aurrender of progress, and to this 1 shall again make reference. 
But tlie Walcott fossils arc from the Middle Cambrian, almost the 
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oldest term in the whole long series of rocks in which life has been 
well preserved, and we here, in this year 1922 of the Christian era, 
are unable to find that any progress has beca made in the structure 
of these creatures or along the direct line of their devdopment and 
succession. Their successors in time and place have adjusted, read¬ 
justed, adapted, and readapled thernselves without having produced 
a creature of their tribes which can he called a inore intricate or a 
more perfect mechanism, J 

And yet what has gone on in that vast interval of time from then 
to now? The successive derivation of all intermediate types of life 
have come into being. The triloblte Neolenus, fro to the viewpoint 
of the paleontologist, stands for a tretnendous conception of the vast¬ 
ness of time behind it. This inconspicuous thing, standing back be¬ 
hind us in the dim days of the Cambrian, stripped bare now by the 
arduous labors of its discoverer, reveals a creature so highly special¬ 
ized that it must have coimnanded uncauntable ages for its production 
by any such process of organic development as that to which we 
paleontologists mate otir allegiance. The problem behind the Xen- 
leniis is that of having developed out of the unicellular expression of 
life, under favoring physical conditions and directive impulse, this 
iutiicate and closely functioning organism. How long did it take? 
1 would like to put the problem to the expcrbiental biologist: Given 
an organism with a full equipment of motor and sensory nerves and 
an elaborated digestive tract, with specific organs of circulation, re¬ 
production. and of waste-^is the distance greater from tliat starting 
point to the specfaliacd creatures of the present, ourselves if you will, 
or from the nuclear cell (which wc must hold to be not alone the seat 
but the radial point of life) up to that marvelously specialized crea¬ 
ture? Starts are slow, progress to be secure roust be deliberate, the 
moroentum of the impulse must be acquired gradually, the passage 
from a protozoan to a metazoan means the crossing of a deep moat, 
the climbing of a high wall. But the directive once acquired, then 
matters may go forward with acceleration. On the basis, then, of 
the structure of this ancient trilobite alone, it is safe and problhly 
necessary- to answer that Kcolenus was farther away from the begin¬ 
ning of life, very, very much farther away, in the highest probability, 
thjiii we of tchday are from Neolerius* 
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This is a rdatJvc expression, but we can not be more concrete. 
The Wakott discoveries have lifted the veil from a scene in the 
panorama of life that was barely guessed be tore. In our previous 
general understanding there was^ in the still earlier faunas, a group 
of creatures bdieved to bo of simple structure and lowly place in the 
cat^ory of life: it was thought that with these simple things the 
caravan of life had gnt under way for its journey tlirough the ages{ 
and now we are compeHed to beiieve that the jQumey was half over 
when this caravan first came under otir eye. 

it is not my part to make a review of statements and caIculatLon$ 
of earth age based on the rates of sedimentation from the Cambrian 
time on to the present ; but whatever these are, they may, from the 
biological point of view, reasonably be doubled and then increased by 
some Improper fraction, if w^e are to reach a competent expression of 
the duration of the life-day of extinct species—the zochemera, as I 
termed it many years ago, and of the sum of these which go to make 
a fraction of earth history. 

It haa not been the practice of students of evolutionary pale¬ 
ontology to raise the question as to w-hether there were time enough 
available for the production of tite succession of results w^hich pass 
under their eye. Such an attitude would of itself be highly unphilo- 
sophical, and only a natural inquisitiveness or curiositi,'^ quite tmessen- 
tial to the teal philosophy of the succession and purpose of life has 
led to the occasional investigalion as to the possible time-rate of 
evotutionary processes under historic and under natural conditldns. 
We are not the makers, but the users, of time. There have been 
stages in the history of our science when we have been treated gin¬ 
gerly by astronomers and physicists in the allotment of time, but now 
that our colleagues in celestial mechanics are heaping upon us their 
munificence in the prescription of this heavenly commodity', we are 
content; and the interpreters of radio-chemlstiy — we thank them for 
giving us what we already had There is time enough. So much, 
indeed, tiiat to absorb a needful share of it into the philosophy of the 
evolution of life actually requires of us a revision of our conceptions. 

I should, I think, take passing notice of the fact that the problem 
as to how Species have originated. One from another, with or without 
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the help of mutatioiis. variations, or variants, the problem of the 
factors which have controlled their prodtirtion, does not belong to 
paleontology. Bateson, speaking recently at Toronto, has expressed 
the conviction that after the nearly three quarters century since the 
publication of Darwin’s Origin of Species we are still in doubt and 
darkness as to the causes of the origin of species. Incautious as it 
seems, that expression would still be a hopeful one if it means that 
in this relatively brief period the study of this theme, stimulated by 
Darwin, has led to the elimination of an extensive array of supposed 
factors, so that if the buried treasure, if it is really the treasure he 
has thought, has not yet been found, at least some of the brush has 
been cleared away from about the place where it lies hid. Both 
laborers, those in the field of living nature and those ddving among 
the past creation, see the engrossing fact of evolution, but sec it out 
of different eyes: the former perhaps as one would see a vast throng 
gathered together to acclaim a momentous event, a great victory or a 
high armistice; the latter as an endless army marching by, its ii-an- 
gtiard already out of sight in the mists of the horizon, stragglers along 
the w’ay falling back or giving up in hopelessness, while the intermi¬ 
nable procession ever emerges out of the shadow. 

Once upon a time, when Walcott was first bringing out his won¬ 
derfully specialized Cambrian fossils from the Burgess shale, I said 
to the discoverer in a jocular way, " Keep on and you may find the 
remains of a Cambrian man." In the recent address referred to, 
Bateson ventures more solemnly into this field. “ It has been asked 
[1 am quoting] how do you know, for instance, that there were no 
mammals in paleozoic times? May there not have been mammals 
somewhere on the earth though no vestige of them has come down 
to U 3 ? We may feel confident there were no mammals then, but are 
we sure? In very ancient rocks most of the great orders of animals 
are represented. The absence of others might by no great stress of 
imagination be ascribed to accidental ciraimstances." Considering 
that these remarks were made in the presence of a great body of 
scientific men. among whom were paleontologists, I fear the speaker 
neglected to do what he should have done and as Artemas Ward was 
wont to do in like case, for in no evidence from any quarter, whether 
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it be Qf biology^ geography, geologi'p EJeteorology^ oceanography^ or 
psychology, is there the sHghtcst justification for seriously emt^altnmg 
such a fancy in a scientific address and sending it abroad in the 
world for the daws to peck at. 

We most fasten our gaze upon such impressive evidence as can 
now be adduced of the duration of time required in the attaimiient 
of organic specmiizations, and let me supplement those 1 have given 
by others taken from the plant world. Casting up the evidence^ that 
have been adduced by paleontologists and paleobotanistSp I think the 
foadngs show very positively a large balance of argument in favor 
of the great conception that the life of the land has emerged from 
the sea. I believe it may be said, on behalf of paleontolc^bts gener¬ 
ally and their broader deductions, that these are happy in the harmouy 
of their conclusions iu this matter after having experimented with 
and checked up alternate conceptions. 

The broader lines of evolutionary' derivation and the best weighed 
deductive propositions seem to intimate a convergence of the life 
lines back to the sea and a radiation from it. The inception of life 
was the most solemn moment in the history of the Universe. We 
invite certain astronomers to refrain from further speculations and 
presumptions as to life in other worlds, and followers of Arrhenius 
from pursuing life spores through interplanetary space. These no¬ 
tions seem to be very' exciting to the emotional public aud ihere is 
indeed no shred of e^idencc of these things, no matter what physical 
conditions may be predicated of other worlds than this. So far as 
the evidence of outstanding facts and major probabilities goes, Life 
is confined to the Earth. Into this solemn event, the birth of life, 
the interaction of the forces requisite to emergencet we shall not here 
attempt to pry» We look back, then, to a primitive period of life in 
the sea, the Plankton epoch, the place and stage of lifers emergence, 
the surface life; followed by a Benthic epoch, the secondary' stage of 
development in which the living forms had found the shallower sea 
bottoms and thereupon began their adaptations and more rapid 
evolution. 

I shall now borrow freely the brilliant conceptions of Church, 
the British paleobotanist, as to the prccedure among the plants thence- 
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forward from the sta to the laiid+ an act wbkb iii^Iies time in im¬ 
pressive measures and yet an act which we know has reversed itself 
in kttr geologii^ (imes^ at least among the animals^ with nostalgic 
energy and must again and again have she wo a like reversion in both 
the animaJ and in the plant world* We see suggestions of these 
reversionary movements among the Amphibia and the MoDusca and 
many Mammal lap and it seems highly probable that a more es^aet 
knowledge of extinct hFe wiU establish these suggesdoiis and awaken 
others. 

The Plankton epoch, says Churchy gave rise to the first encysted 
flagellate plants which^ under conditions of the Benthon, developed 
multicellular thallus, tissues and organs of special function and a 
reproductive mechanism contrived so as to minimize waste. Then 
followed the Epoch of the l^nd Flora brought on by the trans¬ 
migration of highly developed algs which in fact "appear to have 
been more highly organized than any single algal type at present 
known to exist in the sea/' " The algae of transmigration may be 
. » * said to have combined the best features of the known great 
conventional series of marine phytohenthon/^ The origins of all 
the main successful adaptations of the land are to be traced down to 
the benthic phase of the scsl” In this impresdve statemicnt we are 
confronted by the quality of the plant life at its emergence from the 
sea. 

hiow as to the period of its tmergence^ of foremn^t importauce 
to our present consideration; Thomas C* Giamberlin in 1913 directed 
attention to the fact that the Precambrian rock complex is divided 
into earlier and later stages on the basis of the degree of dbintegTa- 
tion of the exposed rock surface. In the lower division there is an 
immature disintegration which implies partial decomposition, but the 
mature disintegration of the later division implies, he says, "some 
restraining agency that held the rock in place while the slow weather¬ 
ing completed its work/^ ^'This view favors the existence of a 
vegetal covering of the land as far hack as this period/' 

Chnrch, therefore, has a wdT found argument when in the pres- 
ence of this fact of precambrian weathering he intimates that it was 
with the uplifting and exposure of the primary rock to the air that 
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the marine organism was brought into direct assocktEOti with atmos- 
phertc air and subaerial environment to mark out new lines of pro¬ 
gression to still higher and more strenuous forms of knd life, though 
these are again necessarily expressed in terms of preceding organiza¬ 
tion and mechanism/* Tlie point to be made here is that wdth the 
earliest lifting of land from the sea, benthic algse of advanced struc¬ 
ture, “the remarkable alg^ nf transmigratiori/' as be has character¬ 
ized them, got their foothold on the land, "The Evolution of the 
Land Flora was a phase of transmigration in situ” and did not 
involve a preliminary landward migration by the way of fresh water, 
" tlie biological factors being exposure to more or less desiccation and 
the remo^nl of the food solution." The few races that survived 
only did so by pressing to the utmost any prindples of econoiny in 
reproductive output that they may have previously initiated/' such as 
oogamy and fertilization in 

The picture presented by this line of carefully founded reasoning 
is even more impressive in its demands upon time than the argument 
we have presented from animal life- It is summed up thus: Plants 
of complex organization and function—Hdednctively of higher organs 
isation than tan be to-day found among the algie—had worked out 
their attainments before their arrival on the land, and probably this 
organic achievement, not surpassed in the seas of to-da>% was accom¬ 
plished at a stage in earth history long before the Cambrian Epoch 
brought with it the tangible evidence of the complex animals. The 
argument from the plants is more highly deductive than that from 
animals, hut its steps are logically taken from effect to cause, and in 
its presence we must stand uncovered at the inconceivable lapses of 
eartb-time through which these transmigrant plants were jibwly work- 
mg out tlieir organization in the waters when there was no permanent 
land—a period of time which must have been longer than all time 
that has passed since the emergence of the Laurent ian or the basal 
rock complex of the great shields of the earth. 

U. 

If wc arc prepared to concede the steadily increasing weight of 
evidence nf the polyphylctic origin of genera which recent researches 
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have indicated for ra many different groups of life, and can compd 
our conception to grasp the duration of the vast unrecorded past of 
life-histor}’, there remains anoHier phase of the paleontologicaj record 
wliich in part emphasizes and in part serves as a check on this con¬ 
ception. It has fallen to me to study the earliest recorded expressions 
of df!pendent life—that is, the heginnxngs. so far as we can find ihem, 
of such consociations of animals as we are wont to designate as para¬ 
sitic, ttiiitLiaJistic, and symbiotic, wherein one creation has depended 
upon or adjusted itself to the life funedotts or habits of another * or 
has sought mechanical protection at the cost of its own locoiiiDtive 
independence. Two very obvious facts seem to stand out as a result 
of these inquiries: (i) That these interdependent conditions with 
which the living world is rife to-day, in passing backward to the early 
stages of Paleozoic lime, become palpably fewer: indeed, while such 
conditions are well marked hi some groups and ronniton in otheri 
during the middle and later Paleozoic, they are very unusual in the 
earlier stages and in the Cambrian fauna are little more than sug- 
ge^^ted. This dependent state seems with reasonable ebarity to 

be resolvable into an original loss of locomotive independence^ a will¬ 
ingness to be fed rather than to feefl, an adaptation to an easier mode 
of lifcL The commanding percentage of the Cambrian fauna belongs 
to groups against which the charge of surrender of locomotive bide- 
pendence can hardly be laid, though inclusive of groups of animals 
which in later stages did become infected with the loss of independ¬ 
ence, hut still in a capital sense embraced those whose independent 
living was unimpaired. 

These considerations I have analyzed elsewhere io some detail 
and their significance is this—that the degeneration of life (for de¬ 
pendence of necessity implies degeneration of physiology) has been 
a process attendant upon and of course influencing evolution, but 
apparently limited in Its effects to tliat part pf the procession of life 
which comes under our actual observation; tlmt is, since the days uf 
the free and independent faunai; of the Cambrian. If this b an 
apprcixtmatian to the truth, as we believe it to he, then in a broad 
sense the real vigor of life, which established the major branches and 
laid down the plan of all future ages, was dominant in its purity in 
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the ages before the b^n^ing of the life record in the rocks. How 
often the student of the past of the earth has. exclaimed at the wonder 
that Man came through to his excellence, in a world permeated with 
ever-increasing conditions of degeneration. 

III. 

With such propositions as the foregoing we are confronted by an 
impressiw reqturetnent of time necessary to the developtnent p£ life 
on the earth. It is a requirement that seei£i.s to roll back and ever 
backward into the undifferentiated ages of our planetary lustQr3*. Tt 
is a niagnihide that takes on proportions before which the outstanding 
estimates of time based on processes of rock building would seem to 
dwindle, and it partakes more and more of the magnitudes in which 
the radiologist has been wont to speak. The question for us now is 
whether our present knowledge affords any basis for an estimate or 
calculation of this time or any part thereof into a concrete expression ^ 
If it were possible to estimate by any or all approaches, the length of 
the life of a single extinct species in any part of the world* there 
would then He a possibility of determining what fraction this given 
quantity might l>e of the whole. For more tlwn two generations the 
evidence has been sought, paleontologists endeavoring first to establish 
the endurance of a given or index species as the basis of a geologic or 
stratigraphic element—a zone. 

Into ihe discussion of the Zone—its meaning in time and space—has 
entered a very long list of eminent names in the science. The Zone 
lias been looked npoti as a sedimentary element in which a datum 
species slowly coming to its acme suddenly ctilminates and abruptly 
disappears; as such sedimentary unit in which not a species, but a 
muintion^ or an entire fauna rises and falls. To Oppel the Zone was 
a space-untt. Buckman has embodied the time conception nf the 
Zone in the word /icwrrn. The double combination of time and space 
makes a Tlie time unit has also been termed jurridiim by 

Jukes-Brown, and phase by tlie International Geological 

Congress. In the recent summary' of these expressions and their in¬ 
terpretations as given by Dicner, in order to determine a proper basis 
for'his discussion, he employs the term Zone for the spatial, that is 
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horkontal and vertical distribution of a fauna, whose time is a 
Moment* 

The whole interpretation of these conceptions centers upon the 
origin and endurance of a mutation, which in the proper paJeontologi* 
cal sense is a departure from a recognized species toward and into a 
unit which, by detenniriate acticin of the genes prodiiciiig variation, 
will become another species. That is to say, tlie mutation h a cl^rly 
recognizable entity in paJeontolc^ * is the bridge crossing from spe¬ 
cies to species, the connecting Unk which establishes die continuity- of 
the diain. Apart from considerations of physiology only, the pale¬ 
ontologist sees no further occasion for debating the existence of con¬ 
necting links or of passages from species to species, or as to how 
Species originate. The mutation is the departure from the one, seek¬ 
ing adjustment and failing, or seeking and finding it in what must be 
recognized from accepted standards as a distinct spedht form, a dif¬ 
ferent species from its parentage. But when it comes to a matter of 
determining the rates, the time measure of these changes under ^ary-- 
ing and all conceivable physical conditions, the pursuit seems to ns 
hopeless, hopeless a priori, hopeless in observation. There are species 
that have held their own without change through the ages^" immortal 
types" they have been called; and there are others which iave yielded 
so rapidly to cdiange that their evolution is explosiye. The same 
facts arc true of grmps of animals ^ and for the entire organic world 
there have been earth-wide periods of long stagnatioa as well as of 
rapid intensive change. So long as an estimate of the age of the 
earth rests on evidence of the rate of change or adjustment in organ- 
isnis through the acquisition of new characters, we may as well 
abandon the attempt to express it in ooncrele terms and satisfy our¬ 
selves that for the development of life the duration of that fraction 
of the earth's history is beyond human expression. 


THE AGE OF THE EARTH FROM THE POINT OF VIEW 
OF ASTRONOMY. 


By EBNEST BllOWK. 

Astrooomical evolution is considejed iinder tbie^ heads; First, 
that method of observation in which it is assumed that all stages iti 
the process are visible in ihe sky and so can be traced step hy step. 
Second, physical theory, based on well-known Jaws such as those o£ 
gravitation, heat, etc. Third, pure speculation. When we attempt 
to apply these methods to the solar systenip we find a complete absence 
of any obsen'atiqnal e:^ndcnce ftom the first point of view, because 
we have no stellar systems sufficiently near for us to detect planets if 
such exist. Thus evolution in the solar system is mainly a mixture 
of physical theory^ and speculation. 

All theories of evolution u&e the idea of contraction under gravi¬ 
tation, which in general causes a gain of heat and of angular velocity. 
The chief differences between the theories consist in the forms of 
matter which are assumed to come into existence under the operation 
of the process of contraction. Laplace imagined that a planetary 
nebula contracted and in the course of the process left behind rings 
of matter which later eondeUBed into planets. Roche showed that 
under certain conditions matter will be thrown off along the equator. 
G- H, Darwin and Poincare developed the processes of fission from 
which it wa5 hoped that planetary bodies might be ahown to have 
developed through successive divisions of the central body. Later 
workers at the theory, and particularly Jeans, have proved that this 
hypothesis is very" improbable for planetary evolution on account of 
the fact that in this process of division the masses should be of the 
s^me order of magnitude and no-t, as iu the case of the planets, of 
very different orders oF magnitude. Tt has, however, been applied 
with considerable success to the evDlndon of close double stars. 
Finally there are the tidal hypotheses in which the matter is snpjwsed 
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Lo have been drawn off by the do&e approach of seine second body 
which later moved away* Each of these hypotlieses has many objec¬ 
tions. But it may he stated that from these points of view we can 
learn noEhing definite or even approximate about the age nf ibe earth. 

Another metliod of approach is through observation of the present 
condition of the bodies in the solar sjstem. For evidente we have 
eight major planets, but it is very doubt htl whether from so small a 
number we can deduce any results of value. In facl^ it is now well 
known that differences in mass may produce very different conse¬ 
quences in ihc history' of bodies. Tims arguments drawn from the 
Moon, Mars. Venus, or the other planets have never inspired very 
much confidence. 

Still another method is a consideration of the present condition 
of the earth combined with the theory of contraction and subsequent 
loss of heat. 11 ere we are on somewliat firmer ground, since we have 
many observations which give information concemmg the interior 
condition of the earth.. Amongst these may be mentioned the values 
of the mean density and the surface density^ the phenomena of pre¬ 
cession, nutation, etc,, the measurements of earthqtiake and seistnic 
waves, and measurements of the ngidity of the earth hy various 
methods, and more particidarly by that lately developed at Chicago 
by MicheJson and his colleagues. From these phenomena we know 
with fair certainty that the earth bchaTfes like a solid body which has 
approximately the rigiditv’ of steel. It is sometimes assumed that 
this shows dial the intenor of the earth consists of matter which 
under surface conditions of pressure would be solid. Unfortunately 
the argument is doubtful, because we know nothing of the condition 
of matter under the pressures which ft experiences at depths of one 
lumdred miles or more below the surface of the earth. It is^ there¬ 
fore, impossible to argue with any security concerning the tempera¬ 
ture conditions in the interior of the canh from these observational 
data. Lately Jeffreys has shown that under almost any theory of 
evolution the earth must at one lime have been sufficiently hot so that 
all its materials w'ere in a liquid state, understanding by this latter 
phra.se. a state liquid under surface conditions of pressure. 

Thus the astronomical evidence winch can be lumished as to the 
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age of the earth is practically nil and one must turn to methods outside 
the range of the astronomcr^s work. 

A further diffictilly may he mentioneci. Evidence is aLcumulaliiig 
that there is widely extended diffttse matter in space, some of which 
is \nsible and some qf which is only evident on account of the 
ohscuration of light which it causes. It therefore seems highly prob¬ 
able that the solar sA'stem in the course of several hmidred mitlion 
years may have passed through one or several such clouds. These 
woold have effectSt which from theory are well known, such as 
diminishing the mean distances of the planets from the sun, the drctJ- 
larization of their orbits, jiossibk change in the total angular ruo- 
mentum of the system, and other effects such as the possible forma¬ 
tion of comets and the production qf glacial and interglacial periods^ 
At present, however* the consequences oF this hypothesis arc still Iti 
the range of speculation and need to be worked out in considerahle 
detail before any argumetits can be built on it. It may, however, be 
stated that such a hypothesis would have the general leudcncv of 
increasing the age of the earth as estimated from other sources. 


THE K.\DIO-ACTn^ POINT OF VIEW. 


Bt wimAitf DUAKE, 

1q esdniatmg tile age of tile earth one should measure the time 
that has elapsed by some process in nature tlmt takes place in one 
diTection only and that dcies not change its rate when eanditions 
(temperature, preBsure. etC-,) alter. In most o£ the estimateii of 
geological periods ot time that have beeri made, tlie " clocks ” em¬ 
ployed do not fulfill these conditidns. Estimaties based on the tem- 
perature of the earthy or of the sun, for instanDe, cannot be reliable, 
for the temperature of a body may fall or it may rise. Further, the 
rate of change of the temperature depends upon a variety of condi¬ 
tions, such as the amount uf energy radiated, the supply of energy 
lo it, etc. 

Attempts have been made to deduce the age of certain minerals 
from the appearance of little round marks in them, called haloes. 
These haloes are supposed to be due to radiation from minute specks 
of radio-active matter at their centers. The colors produced by 
radiatifin in transparent substances depend, to a considerable extent, 
upon the temperature^ so that no very great weight can be put upon 
geological periods of time estimated by means of haloes. 

There ate. however, olher radio-active processes, the rates of 
w^bich do not, so far as we know, depend on the temperature or the 
pressure, nor u[Jon any other physical or chemical state. 

During the last twenty-five years a large number of radio-active 
transformations of one chemical element into another have been dis¬ 
covered. Students of the subject agree that these transformations 
take place in one direction ohlVt from an element of higher 
atomic weight to art element of low^er atomic w^eight. Further, no¬ 
body has been able to alter the rate of a radJo-active trans format ion 
by any process whatsoever, althongh nutneroiiB nltempts have been 
made to du so These radio-active changes, therefore* seem to offer 
a reliable means of estimating certain periods of time. 
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Among the radio-active changes appear processes in which the 
metal uranium transforms itself through successions of intermediate 
stages into the metal lead and into the gas lielium. It does not seem 
necessary to describe in detail these series of transformations at this 
fttTU. tlescriptions of them may be found in the literature on radio¬ 
activity* It sufiGces for our purposes to say that the rate of trans¬ 
formation is such tliat 5 per cent, of a quantity of uranium changes 
into lead and helium in about 370 miUiems of years. 

We find uranium, lead and lieliiim associated Hither in a great 
many tiilnerals and it is natural to suppose that tlic helium and the 
lead were produced by the disintegration of the uranium during the 
past ages. Further, if we determine the relative amounts of uran¬ 
ium, lead and helium in a mineral we can form an estimate as to how 
long these chemical elements have been in contact with each other. 
Estimates of this kind that have been made frean the qviantities of 
hcliuni in uranium ores vary between 8 and 7™ millions of years, 
according to the locality from which the ore came. Since some of 
the helium (it being a gasl may have leaked out of the ores these 
intervals of time must be regarded as minimum estimates. The 
uranium and helium must have been m contact with each other for 
at least as long as the periods mentioned, but they may have been 
together for much longer intervals of time. 

Calculations based on the quantity of lead in uranium ores vary' 
from 340 millions to i./oo railtions of years, according to the locality 
from ivhich the ore is obtained. In this case another complication 
appears. We have learned to distinguish several different kinds of 
lead fram each other. The various kinds of lead have similar chem¬ 
ical properties hut differ frotii each other in their atomic weights. 
All the different kinds of lead do not come from nraiiium; only lead of 
atomic weight about 306 may be regarded as produced from uranium. 
Until, therefore, we have determined exactly what the atomic weights 
of the lead in the various ores really arc, we cannot be sure that the 
leail came from the uranium. We can assert, however, that there 
is no more uranium lead in a given uranintn ore than the amount 
of lead actually found. Unless, therefore, the atomic weight of the 
lead in an ore has been actually determined and found to be about 
2oG, we must consider the estimate of the age of the ore as a maxi- 
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mum estimate only. The lead and uranium cannot have been in 
contact with each other fnr a perfod of time longer tlian that calcu¬ 
lated from the known rate of transforniadon of uranium into lead. 

The atomic w'eight of the lead in a few mes has been found to 
be verj' close to 206, In one of these the age of the mineral has 
been estimated at a little over 900 millions of years. 

The calculation of the age of uranium deposits by means of radio¬ 
active data rests upon the laws of nature as we now believe them to 
be. It would be a waste of time to speculate on future discoveries 
{neiv radio-active dements, for instance, or alterations in the rates 
of radio-aedve processes) or cm a possible evolution of natural law. 

*lhe ages calculated from radio-aedve data r^iesent the length 
of dme during which we may suppose the chemical dements to have 
been in more or less mechanical contact with each other. They do 
Hot rcprcssETit tfic lia.s dsp&cd sinct the earlh m^y h3.ve 

reached a state capable of suppaning organic life as we nowr know tt, 
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fessor of Biophysics, Harvard Medical School* 

Sped^ Meeting, May 5 , 

William B, Scorr, Sc.D., LL.D., President, tn the Chair. 

Hon. Roland S. Morris and IMr. Fredencfc E. Ives, newly elected 
memhers* subscribed the Laws and were admitted into the Somctj', 
Letters accepting membership were receiv«l from : 

Charles Elmer Allen, Ph.D,, Madison, Wis. 

Rollins xAdams Emerson, Sc.D.. LL.D„ Itliaca. 

\\ orthington C. Ford, A,M.. Litt.D.. C^b ridge. 

Frederick E. I ves, PhiJadelpliia, 

Roland S. Morris, A^-. LL.D., Philadelphia. 

George W. Norris, A.B.* ^l.D.. Philadelphia. 

Charles Lee Reese. Ph.D., M'ilmLngton. 

Robert DeC, Ward, A.IL, C^ambridge. 

Prof* C. B. Bazzoni and Mr. Raraiond Morgan, of the Umverd^ 
of Pennsylvania, read a paper upon ” Wireless Tdepbony and the 
Popular Use of the Radiophone in the Diffusion and Reception of 
Vocal and Instrumental Sounds, witli Experiments/" which dis¬ 
cussed by Prof. Snyder^ 

Stated Meeting, November j, rpJ^- 

WiLOAM B. ScQTT. Sc,D,, LL.D.p President, in the Chair. 

The Patron. IIis Excellency the Governor of Pennsylvania, was 
present and took his seat on the platform. 

I>r* Henry' Skinner, a newly elected member^ subscTTbed the Lhavs 
and was admitted into the Society ^ 

Letters accepting memberslup were received from: 

Irving Langntuir. PIlD., Scbeneclady, Nh Y. 
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Harlow Shapkv, Ph.D.. C^tridge* 

Henr)^ Skinner^ MuD,* Philadelphia. 

James Perrin Smith, A.M., Ph.D^ LL.D^ PaJo Alto, Calif* 
Heim' S. Washington, A.M., Ph,D„ Washington. 

Darid Locke Webster, A.B., PhJiJ., Stanford Cniv. 

A letter received from Dt+ Charles C\ Torrey* of New Haven, 
declmtng election. 

The following letter from the ^{ari]ui5 Antonio tie Gregorio was 
read: 

Palermo Via Molo 132. 

Very Hom^red Sir: 

1 pray you to be sp kind to insert in the PiocrsEDrstis of A. 
PhtlosopEx SotHETV this little paragraph on Gravitation and accept 
ni)' best regards. 

Marquis x\nt, de GgEOORio, 

Cor, Member of A. Fh. Soc. 

Oii GltAVriATION^S KI^'ET1C ThIijORY, 

I have read with much interest the communication of Mr. CTiarles 
F. Brush on the Kinetic Theory' o£ Gmvitation (Proc Am eric. 
Philosopti. Soc., Vok LX., No. 2, p. 43). But I must observe that 
already in 1892 1 proposed the same tlieory to the Academy of Sci¬ 
ences of PaJerme. -My work ha^ the title Sul Contiuuto della 
Spazio e sulk causa della gravitazione.” It has been published in a 
volume “Nuovi Stnimcnti fisicS e sulla pin prohabile origtne del 
nostro sistema stellare(“Palermo 1893) has been published in 
the memoirs of our Academy of Sciences in Palertne. After many 
years, in 1914, I presented a work to the Sodeta Slciliano di Sefenze 
Natnrali upon the mere cosmogonic theories (SnUe nuove teorie 
cosmogoniche, snll" origine della materia). In this work, which has 
been published in the Naiurulista Skflmn^D (April 1914) 1 have again 
disatssed and elucidated and cleared this theory. I said that if there 
are two masses, they shall be pushed each toward the other by the 
difference of pression (tension) of ether, becau.se the tension of ether 
js different in the space and in portfon of it interiKised between the 
two masses. So the two corps shall be converse eadi toward the 
other. T have considered ether as passing thraugh the matter, hut I 
observe that matter absorbs some part of its energy and transforms 
it, Badium phenomena are perhaps sonic of the mamfeatations of it- 
I considered matter not as a dead thing but as a living thing. 
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In 1^1 M. OlintD De Frettn fonnulaled a theniy on p^vitation 
that reproduced in part my tfaeorVp but he did not cite my work! He 
published a book “Lo spirito dell' Universo " (Turin i^l) in which 
he attributes gravitation to ether's action. In the review hfonin that 
is published in Turin (x. n. 2, p. 75 ) * reccnaon o£ it. 

Gravitation Is a most important natural phEiionietion but hitherto 
unfortunately problematic. The work of Mr. Brush is valuable and 
commeudable and his experimcnls are >’ery instruetive. But I think 
that my work is not to be neglected because it contains the lyiority 
of the theory and the foundation of the new conception of gravitatioo- 

Marquis Antonio De Gkegorio. 

Palermo, Julv 20, 1922- 

SlCTLY, iTAtv, 

The decease was announced of the following members: 

Alexander Graham Belt, LL,D., FhX),, 5 c,D„ M.D., near Bad- 
deck. N. S., on August 2, 1922, st. 73. 

Herman Diels. Ph.D., at Berlin, on June 4 < 1522, let. 74 ' 

Herrin E. Gates. LL.D., at Littleton. N. H., on August 11. 1922, 
ffit- 74* 

Waterman T. Ilewclt, B.A,. MA., Pli.P., at London. England, 
on September 13, 1921, set. 75. 

Henry Marion Howe. A.M.. LL.B.. LL.D., Sc-D., at Bedford 
Hilts, K. V,, on May 14, 1922, act. 75. 

Jacobus Cornelius Kapteyn, at Amsterdam, Holland, on June 18, 
1922. set. 72, 

Alfred G. Mayer. M.E., Sc..D„ in Florida, on June 25^ 1922. 
act, S 4 - 

Joseph T. Rothrock, B.S., M.D-. at West Chester, Pa., on June 2. 
1922, teh 83. 

Coleman Sellers, Jr., M.S., at Er>m Mawr. Pa., on August 15, 
1922, fft 70. 

Stephen Smith, M.D., at Elmira, N. Y.. on August 26, 1922, 
»t, 99. 

Edward Anthony Spitr.ka, M.D., at Mt. Vernon, N. Y., on Sep¬ 
tember 6, 1922, si. 46. 

Ambrose B, Wyckoff. ,A.B., Lieut. U. S. N., at Ontario, Cali¬ 
fornia, on May 30, 1922. st. 74. 
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Dn John A. Miller read a paper on “The Roine r^Ieeting of the 
IritcTTLational Astranoiriiical Union/’ which was disctisst^d by Hrofi 
Snyderp Governor Sproul. President Scott, and Dr. W, W, Keen. 

Stated Mjcetinfft Drccmbt-r 1^22^ 

M ILLJAM B, ScoTTp Sc.D., LL.D.p Presideitl, in tlie Cihair. 

Mr* Qmrfes Lee Reese, a newly elected nieniber, subscribed the 
Laws and was admitted into the Societv^ 

The following comninnication from Mr. Charles F, Brttsh, in 
reply eq the letter of the IMarquis dc Gregorio^ was read: 

Through the courtesy of the SecretnrjeSp it has been my privilege 
to read the tetter of llic Marquis de Gregorio and to offer such 
reniarLs as seem fitting. 

Gregorio contributed a number of very mteresting papers on many 
scientific subjects under the general title “ Sn Tahnii Nuovi Strii- 
menti/" etc., pnhlishcd in the dcUa Riah Accademia, Paleniio, 
iSfj5^ 

Professor Horgerhoffp of Western Rcseme University, has very 
kindly prepared for me a careful tninslation of all of these papers, 
giving special attention to the last chapter* “ On the Contents of Space 
and tik: Cause of Gravitation” (pp, 177-181). 

i have studied this paper very^ carefully, and following is my 
understanding of its meaning: Gr^orio assumes the ether to be 
everywhere in a state of “ tens ion (very' evidently using this term 
in the sense of pressure) normally imiform. He says bodies of 
matter absorb ether, somewhat as spong)^ phittniim absorbs gases, aniL 
the ahsorljcd etlier is rtridcred inactive or latent, analogous to latent 
heat. Different kinds of matter ahsorij different amounts of ether, 
and thoir densities depend on the amonnts of ether absorbed. The 
free ether outside a body exerts pressure, not on the matter comjios- 
ing tlic t*ody^ but on the condensed or latent el tier w'ithin it. 

Aljsorption of ether by a body of Tiiatter reflnce^ the "' tension” 
fpressure) dI the ether surrounding the body in projiortion to the 
amount of ether ahsprberL Two neighboring Imdies will have less 
ether pressure against their parts facing each other tlian against their 
parts turned aww from each other, and thev will fie urged toward 
each other by the superior ether pressure on'thc sides turned aw-ay. 

Gregorio continues: “Instead of esiplaining the plictiomenon " 
(gravitation) "by means of an alisorption, one might also explain it 


SJINUTES. 


xvii 


by means of a rotan" niolcailar vibration, Tq this end we may sup¬ 
pose tliatetlier is in a state of continual special vibration determiniog 
its tension, and that this vibration is decrtiised by its pas^e through 
the molecular interstices of the matter. The contrary rrught+ how¬ 
ever. be supposed, and this would appear more plausilde, viz., that 
the phenomenon is caused by the vibration of tite atoms composing 
the matter, and that the tension of tlie outside ether is tTanslormef! 
by the molecular vibration of the bodies. i"his sectns to me the more 
plausible opinion.” 

In neither his ether-absorption tbeory tior his alternative hypoth¬ 
eses does Gregorio explain liow the supposed diminution o£ ether 
pressure outside bodies of matter is niaintained after absorption of 
ether has ceased: and indeed tltis seems to me impossible of explam- 
don. Nor does he offer any sug|;estioa of the source of the energy- 
acquired by falling bodies. 

My mvn Kinetic Tbeory of Gravitation. ‘ ^ put forth in Decem¬ 
ber, 191O1, is based on two fundamental concepts of the ether of ^ace. 
Firstp that the ether is endowed with vast intrinsic energy— energy 
quite apart from matter— free energy. This was then and is now the 
belief of many eminent physicists. Second, tlmt some, perhaps all. 
of the ethers intrinsic mergy exists in w-ave form of some sort capa¬ 
ble of motive action on matter, and propagated in eve^- concei^-ahle 
direction, so tliat the wave energy, or energy fluXi is isotropic - and 
whereby a disturbance of any kind, anywhere m the ether, is in due 
time fell everyTrbere else, the intensity of disturbance diininishing 
wnlh the inverse squ£Lre of distance from its seat. 

The last concept above 1 believe to be original with me, I find 
nothing of it in Gregono^s paper, but it is essential to my tbeory. 

In his more recent ijajjefp 19*+. Gregorio reaffirms his 1S92 theory 
nf etlier pres-5ure and ether absorption by miLtter, and seeks lo de¬ 
velop my idea furtherin the light of more recent discoveries tn 
physics. He now regards the ether as a " dynamic fluidcnmposi^ 
of “ imfionderabic particles, extremely minute, of the condensed fluid 
itself,"' which he calls “ suiieratoms.** He says further that ^'the 
actions of magnetic and dectrk currents"' dearly prove ^^thal an 
impondcrahk fluid can generate energy and, as it were, transform 
itself into energy.” . , . 

Again I find nothing of the second, and essentiaJ, postulate u£ my 
own theory- 

CharI-Us F- UkL-sti. 

Cle^tlakih, 

NovettilHsr, 1^^ 

t ^TciVact, March te. i?ui; Nafm, March igu * Fwijc, Ameb, Pmn Sc»c.. 
VuL Llllr, Np, 21^ JmiL-May, 1914: P»oc. AuttL Peiil. SaCr Vol LX.. No- 
2 , 
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ProL Wiriiani Duane rdid a paper on *'The Activities of the 
Radium and X-fiay Plants of the Cancer Conunission of Harvard 
Univcfsitv,*^^* which was discussed by Doctors Keller^ Keen, Good* 
speed, and Reese. 

The dates of the General Mcctit^ of 1923 were fixed for April 1 % 
20, and 21. * A 
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